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GEOLOGY AND GROUND-WATER RESOURCES OF THE
AHTANUM VALLEY, YAKIMA COUNTY, WASHINGTON

By Bruce L. FoxworTHY

ABSTRACT

The Ahtanum Valley covers an area of about 100 square miles in an important
agricultural district in central Yakima County, Wash, Because the area is
semiarid, virtually all crops require irrigation. Surface-water supplies are inade-
quate in most of the area, and ground water is being used increasingly for irriga-
tion. The purpose of this investigation was the collection and interpretation of
data pertaining to ground water in the area as an aid in the proper development
and management of the water resources.

The occurrence and movement of ground water in the Ahtanum Valley are
directly related to the geology. The valley occupies part of a structural trough
(Ahtanum-Mozxee subbasin) that is underlain by strongly folded flow layers of a
thick sequence of the Yakima basalt. The upper part of the basalt sequence
interfingers with, and is conformably overlain by, sedimentary rocks of the
Ellensburg formation which are as much as 1,000 feet thick. These rocks are in
turn overlain unconformably by cemented basalt gravel as much as 400 feet
thick. Unconsolidated alluvial sand and gravel, as much as 30 feet thick, form
the valley floor.

Although ground water occurs in each of the rock units within the area, the
Yakima basalt and the unconsolidated alluvium yield about three-fourths of the
ground water currently used. Wells in the area range in depth from a few feet
to more than 1,200 feet and yield from less than 1 to more than 1,000 gallons
per minute.

Although water levels in water-table wells usually are shallow—often less than
5 feet below the land surface—levels in deeper wells tapping confined water
range from somewhat above the land surface (in flowing wells) to about 200
feet below. Wells drilled into aquifers in the Yakima basalt, the Ellensburg
formation, and the cemented gravel usually tap confined water, and at least 12
wells in the area flow or have flowed in the past. Ground-water levels fluctuate
principally in response to changes in stream levels, variations in the flow of
irrigation ditches and in rates of water application, variations in local precipita-
tion, and seasonal differences in withdrawals from wells. Annual fluctuations of
levels generally are less than 10 feet except in localities of heavy pumping.
Periodic measurements of water levels in two observation wells in the area indicate,
locally at least, a persistent decline in artesian pressures in confined basalt aquifers,
although the record is too short to show whether withdrawal by pumping has
reached, or is nearing, an optimum balance with recharge.

The aquifers are recharged by precipitation, by infiltration from streams, and
by ground-water underflow into the area. Ground water is discharged by seepage
to streams, by evapotranspiration, by springs and seeps at the land surface,
and, artificially, by withdrawal from wells. It is estimated that the seepage
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2 GEOLOGY, GROUND WATER, AHTANUM VALLEY, WASH.

discharge to the Yakima River from the area studied may range from about
20,000 to 25,000 acre-feet per year., The consumptive waste of ground water
by phreatophytes probably exceeds 4,000 acre-feet per year and may represent a
large reclaimable source of water in the area. The annual withdrawal of ground
water from wells in the area for domestic, industrial, irrigation, public, and stock
supplies is estimated to be 6,300 acre-feet.

The chemical quality of the ground water generally is satisfactory for most
purposes, although the water from many wells is harder than is desirable for
domestic use.

INTRODUCTION

PURPOSE AND SCOPE OF THE INVESTIGATION

The surface-water supplies that usually are available for irrigation
in the Ahtanum Valley during the growing season are inadequate for
the full development of the agricultural potential of the area. About
60 percent of the irrigable land in the area is irrigated entirely with
surface water, but only about 15 percent receives an amount consid-
ered adequate throughout the growing season. An additional 10 to
15 percent of the irrigable land is, or has been, irrigated partly or
entirely with ground water. Hence, although ground water does not
now constitute a major part of the total irrigation water used, the
acreage that has been supplied by ground water is nearly as large as
that for which adequate supplies of surface water are available.
Because the surface-water resources of the area are completely appor-
tioned, future agricultural development of the area will depend largely
upon the availability and proper utilization of ground water, even
though the efficiency of surface-water utilization might be improved.
Ground water also provides virtually all the water now used for
domestic, industrial, and municipal purposes; hence, its availability
could be a limiting factor in future population growth and industrial
development within the area.

The purpose of this investigation was the collection and interpre-
tation of data pertaining to ground water in the Ahtanum Valley in
order to aid in the proper development and management of the water
resources. Special consideration has been given to the source and
movement of the ground water, its availability throughout the valley,
its hydraulic relation to the streams, and its suitability for domestic
and irrigation use.

The occurrence of underground water in any area is controlled by
the character, distribution, and structure of the rocks and is influenced
by the climate and the drainage pattern of the area. Therefore, dis-
cussions of the geology, landforms, climate, and drainage in the Ahta-
num Valley, and their relation to the occurrence of ground water in the
area, are included in this report.

The report is based largely upon fieldwork done by the writer
between April 1951 and July 1952. During that time, wells were can-
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vassed and well logs and hydrologic data were gathered. A network
of observation wells was established, in which water levels were meas-
ured periodically. Detailed geologic mapping was done on aerial
photographs.

In 1953, during the course of this investigation, the writer prepared
a brief report on ground water in the lower Ahtanum Velley (Fox-
worthy, 1953), at the request of, and under cooperative financing with,
the State of Washington’s Department of Conservation, Division of
Water Resources. Many of the data presented in that report are
included herein, although the area covered and the scope of the present
report are much broader than those of the earlier report.

This study is part of a continuing program of the U.S. Geological
Survey for the collection and interpretation of information bearing on
the Nation’s ground-water resources. It was conducted under the
supervision of M. J. Mundorff, former District Geologist of the Ground
Water Branch of the Geological Survey for the State of Washington.

LOCATION AND EXTENT OF THE AREA

The area of this investigation is the Ahtanum Creek valley, in
central Yakima County (fig. 1). The area extends from the Yakima
River westward for 21 miles and ranges in width from 6 miles at
the west end to about 3 miles in the eastern part. It constitutes the
southwestern part of the Ahtanum-Moxee subbasin. The total area
mapped is about 100 square miles.

The center of the area is about 11 miles west-southwest of Yakima,
which is the county seat of Yakima County and the largest commer-
cial center in south-central Washington. The southern side of the
valley, south of Ahtanum Creek, is part of the Yakima Indian
Reservation.
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FIGURE 1.—Map of the Ahtanum-Moxee subbasin, Yakima County, Wash., showinglocation of study area.
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4 GEOLOGY, GROUND WATER, AHTANUM VALLEY, WASH.

Because there is virtually no farming, and consequently little
ground-water use in the mountain valleys drained by the upper reaches
of the North and South Forks of Ahtanum Creek, these areas were not
included in the investigation.

PREVIOUS INVESTIGATIONS

In 1893, I. C. Russell made a preliminary investigation of the geo-
logic features of central Washington to ascertain whether the region
was favorable for a supply of artesian water for irrigation. In his
description of what is called in this report the Ahtanum-Moxee sub-
basin, Russell presented well logs and descriptions of some of the
pioneer wells in Yakima County.

A more detailed study of part of Yakima County, including the
Antanum-Moxee subbasin, was made by G. O. Smith (1901), who
described the main geologic features, the general conditions affecting
ground water, and the flowing artesian wells in the subbasin.

Smith (1903) also mapped the geology of the Ellensburg quadrangle,
‘which covers an area of 820 square miles and includes the Ahtanum
Valley. In his description of the quadrangle, Smith treated in detail
the rock units and geologic structure of the Ahtanum Valley and in-
cluded a general evaluation of ground-water resources in the Yakima
area.

In 1943 a short report on the ground water of the Ahtanum Valley
was completed by S. N. Twiss of the Soil Conservation Service, U.S.
Department of Agriculture. Twiss differentiated a rock unit that had
not been recognized as a separate unit by earlier workers, and he
described the water-yielding potentialities of the various rock mate-
rials in the valley.

In 1954, J. E. Sceva completed a report evaluating the streamflow
records from the Yakima basin, including the Ahtanum Valley, with
regard to possible subsurface flow of water past stream-gaging sta-
tions. The report contains descriptions of the rock units and the
larger structural features in the Yakima basin, and of their influence
on the hydrology of the region; discussions of the various subbasins,
including the Ahtanum-Moxee subbasin, and the utilization of water
within them; descriptions of the geologic conditions at each gaging
station; a generalized geologic map and a section along the Yakima
River; and detailed geologic sections at the sites of gaging stations.

The geology of the Yakima East quadrangle, which includes the
eastern 1% miles of the lower Ahtanum Valley, and of the adjacent
Mozxee Valley was mapped and described in detail by A. C. Waters
(1955). Although Waters’ report is concerned primarily with the
area east and northeast of the Ahtanum Valley, it provides an excellent
description of the rock units and geomorphology of the region.
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Because all these publications deal with the area herein considered,
they have been consulted frequently during this investigation.
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WELL-NUMBERING SYSTEM

Well numbers used in this report are based on and show locations of
wells according to the rectangular system for subdivision of public
land, indicating township, range, section, and 40-acre tract within the
section. For example, in the well number 12/17-9J1, the part pre-
ceding the hyphen indicates successively the township and range

D Cc B A
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N P Q R

FIGURE 2.—Diagram showing well-number-
ing system.

(T. 12 N,, R. 17 E.) north and east of the Willamette base line and
meridian. The first number following the hyphen indicates the
section (9), and the letter (J) gives the 40-acre subdivision of the
section as shown in figure 2. The last number is the serial number of
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the well (1) in that particular 40-acre tract. Thus, the first well re-
corded in the NEXSEY sec. 9, T. 12 N,, R. 17 E., would have the
number 12/17-9J1, and the second well would have the number

12/17-9J2.
GEOGRAPHY

LANDFORMS

The Ahtanum Valley descends eastward from the foothills of the
Cascade Mountains to the Yakima River. It is one of several struc-
turally controlled eastward-trending valleys in the central Yakima
basin. In general, the valley has steep sides, a relatively flat floor,
and considerable downvalley slope. Altitudes within the area range
from about 940 feet at the Yakima River to about 4,100 feet at the
crest of Cowiche Mountain.

The major landforms of the area are directly related to the geo-
logic structure. The valley itself occupies the southwestern part of
the Ahtanum-Moxee subbasin, which is a structural trough, or syncline
(fig. 1). The ridges that border the area on the south, west, and
northwest are formed by structural upfolds, or anticlines.

The valley is bordered on the south by Ahtanum Ridge, a narrow,
even-crested anticlinal ridge that rises about 1,000 feet above the
valley floor and locally exceeds 2 miles in width. It extends east-
ward from the irregular and deeply eroded Cascades some 40 miles to
the Yakima River. Its eastward extension, beyond the Yakima
River, is known as the Rattlesnake Hills. The Yakima River, flowing
southward across the axis of the ridge, has eroded a narrow, steep-
walled gorge called Union Gap, for which the nearby town is named.

Sedge Ridge and Cowiche Mountain are similar to Ahtanum Ridge,
though somewhat higher. They are the topographic expression of
the Sedge Ridge—Cowiche Mountain anticline and form the west and
northwest boundaries of the Ahtanum-Moxee subbasin.

Discussions of ground water in the area may be related effectively
to the valley’s three main physiographic sections, herein termed the
lower valley, the upper valley, and the upland benches.

The lower valley includes the broad valley floor along the lower, or
eastern, reach of Ahtanum Creek and the adjacent lower slopes of
Ahtanum Ridge. For a distance of approximately 6 miles west of
the Yakima River, the lower valley floor has no marked natural
boundary on the north. This part of the valley floor is a southern
continuation of a broad alluvial plain that extends southwestward
from Yakima. Farther west, however, the lower valley is bordered
on the north by a moderately dissected terrace remnant that rises, at
places, more than 100 feet above the valley floor. The lower valley
floor is about 1 to 2% miles wide and has a relatively flat cross-valley
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(north-south) profile. The downvalley (easterly) gradient of the
lower valley floor ranges from about 36 to 75 feet per mile and averages
52 feet per mile.

Fourteen miles west of the Yakima River, the valley floor is sharply
constricted by resistant lava rock which forms low bluffs and vertical
cliffs along both sides of Ahtanum Creek for a distance of 3 or 4 miles.
In this constriction, locally called the Narrows, the valley floor is less
than half 2 mile wide. Upstream from the Narrows, the valley floor
widens somewhat, although it is less than a mile wide at its widest
point, in the vicinity of Tampico. The upper valley, as described in
this report, comprises the Narrows and the valley floors to the west,
including those of the North and South Forks of Ahtanum Creek for
distances of about 4 and 3 miles, respectively, upstream from their
confluence.

The upper valley is sharply delimited by steep banks and bluffs
that rise to well-defined upland benches on the north and south sides
of the valley floor and on the west between the North and South Forks
of Ahtanum Creek. In general, these upland benches are terrace
remnants formed between bedrock valley walls and overlying irregu-
larities in the upper surface of the underlying bedrock. The benches
adjacent to the valley floor slope upward toward the margins of the
basin, merging with the alluvial fans and pediment slopes along the
flanks of the anticlinal ridges.

The upland bench on the north side of the valley locally is more
than 200 feet above the valley floor. It extends eastward beyond the
Narrows and merges with the terrace remnant that separates the lower
Ahtanum Valley from Wide Hollow. This terrace gradually dimin-
ishes in height toward the east and dies away near the center of the
lower valley.

The bluffs and slopes on both sides of the valley have been moder-
ately gullied by small, intermittent streams, From the mouths of the
gullies and ravines, fan-shaped deposits of gravel have been built out
onto the edges of the valley floor. On the south side of the lower
valley, these alluvial fans coalesce to form a continuous, undulating
slope along the base of Ahtanum Ridge.

DRAINAGE

The most important stream in the area is Ahtanum Creek, a peren-
nial stream which flows eastward through the entire length of the
Ahtanum Valley and enters the Yakima River at Union Gap. Wide
Hollow Creek, which flows southeastward across the east end of the
lower valley and enters the Yakima River less than half a mile above
the mouth of Ahtanum Creek, also is a perennial stream, although its
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flow is largely supported during the summer months by waste water
from irrigation outside the area.

The Ahtanum Creek drainage area covers about 171 square miles,
almost half of which lies to the west of the area studied, on the high,
well-dissected east slope of the Cascades. This headwater region is
drained by the North Fork and South Fork of Ahtanum Creek, which
converge near Tampico to form the main stream. Gradients along
Ahtanum Creek range from 36 feet per mile near Union Gap to more
than 100 feet per mile along the North and South Forks above Tampico.

The drainage pattern in the area mapped is closely controlled by
the structure of the underlying rocks. Ahtanum Creek and its South
Fork follow the axis of the structural trough that forms the Ahtanum
Valley, whereas the North Fork, after following a course paralleling
the Sedge. Ridge-Cowiche Mountain anticline, turns directly across
that upfold. Also, because the geologic structure closely controls
the topography, most of the intermittent streams in the area flow
generally i the direction of dip of the underlying rocks.

In the lower valley Ahtanum Creek splits into three main courses
which converge again into one main stem before leaving the area. At
some places these natural distributaries have been incorporated into
a complex system of canals used to irrigate that part of the valley.
During the summer the water of Ahtanum Creek is diverted for irriga-
tion and returned to the main channels of the creek several times in
its course between Tampico and the Yakima River.

CLIMATE

The climate of the Ahtanum Valley is of the continental semiarid
type characteristic of southeastern Washington. Summer days are
clear, hot, and dry, and the nights usually are cool. Winters are
comparatively wet and cloudy and have occasional periods of cold.

Precipitation and perhaps other weather conditions in the region
vary substantially with elevation and with proximity to the Cascade
Mountains. Because these factors differ considerably from place to
place within the Ahtanum Valley, observations made at one place may
not relate directly to weather conditions in other parts of the area.
For this reason, and to provide supplemental information not available
from the area itself, climatological data from four weather stations in
the Yakima basin are included herein. Weather observations made at
the U.S. Weather Bureau station at the Yakima Airport doubtless
apply over much of the lower Ahtanum Valley. A weather station
at Rimrock, about 15 miles northwest of Tampico, is about 1,700 feet
higher and some 30 miles closer to the crest of the Cascades than the
Yakima station. Data from the Rimrock station probably are indica-
tive of weather conditions over much of the headwaters area of
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Ahtanum Creek, and the climate in the upper Ahtanum Valley prob-
ably is intermediate between climatic conditions at the Rimrock and
Yakima stations. At a weather station at White Swan, 16 miles
southwest of the Yakima Airport and at about the same elevation,
only temperature and precipitation data are recorded. These data
compare very closely with similar data for Yakima. KEvaporation
data, which are not available for the Yakima station, have been
obtained from a station near Prosser. The Prosser station is about
45 miles southeast of Yakima, in an area climatologically similar to
the lower Ahtanum Valley.

Figure 3 shows the mean monthly precipitation at three stations,
Rimrock, White Swan, and Yakima, all in or near the Ahtanum Valley.
The records indicate that more than half the precipitation in the
Yakima region occurs during the 4 months from November through
February. December is the wettest month of the year and July is
the driest. There is a tendency (at 2 of the 3 stations) for June to
be wetter than either April or May, largely because of occasional
thunderstorms.

Figure 3 also indicates a general relationship between precipitation
and altitude. For example, at the Yakima station, 1,061 feet above
sea level, the mean annual precipitation is 7.21 inches, whereas at
Rimrock, 2,730 feet above sea level, the mean is 26.2 inches. Although
no climatological data are available for the upper valley, this relation-
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FIGURE 3.—Mean monthly precipitation at three stations in and near the Ahtanum Valley. (From U.S.
‘Weather Bureau records.)
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ship suggests that at Tampico, at about 2,120 feet, a mean of about
15-18 inches might be expected.

The annual precipitation at the Yakima station from 1910, the
first year of record, to 1956 is shown in figure 4. As the figure shows,
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FIGURE 4.—Graph showing annual precipitation at Yakima during the period 1910-56. (Data from U.S,
‘Weather Bureau records.)

there has been considerable variation in annual precipitation during
the 47-year period. The least amount, 3.90 inches, fell in 1930;
the greatest amount, 11.87 inches, in 1948. However, the annual
precipitation was less than 6 inches in only 12 of the years of record
(about 1 year in 4), and exceeded 9 inches in only 8 years (about 1
year in 6). The annual precipitation during 1917-36 averaged about
1 inch less than the long-term mean, a deficiency of about 14 percent
per year. During 1937-56, the annual precipitation averaged about
1 inch more than the long-term mean.

Snowfall data from the Yakima station, not presented herein,
inaicate that about one-fifth of the annual precipitation at that
station falls as snow.

Temperatures in the Ahtanum Valley are relatively mild, but the
area occasionally has extremely high and low temperatures. Weather
Bureau records show that, although the average temperature at
Yakima during the period of record was 50.2° F, a high of 111° F
(July 1928) and a low of —25° F (February 1950) have been observed.
July is the warmest month and January is the coolest. The mean
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temperatures at the Yakima station for those months are 71.4° F
and 26.9° F.

The regional movement of air generally is from the west and
southwest; however, because of the eflect of the topography of the
Ahtanum Valley, the wind comes from the west or northwest during
most of the year. Winds are mostly light; wind speed at the Yakima
station averages 5.6 miles per hour.

The average relative humidity is comparatively high in winter,
moderate to low during most of the year, and very low in summer
afternoons and evenings. At the Yakima station the monthly rela-
tive humidity is highest, 81 percent, in December. It is lowest,
41 percent, in July.

Evaporation in the Ahtanum Valley is great during the months of
low humidity. No evaporation data are available for the Yakima
station, but those for a class A Weather Bureau land pan at a weather
station near Prosser, in the lower Yakima Valley about 45 miles
southeast of Yakima, probably are representative of the Ahtanum
Valley. Average monthly pan evaporation at the station near Prosser
during the period 1948-56, in inches, is as follows: March, 2.61;
April, 4.35; May, 5.64; June, 6.58; July, 7.56; August, 6.29; Septem-
ber, 4.29; October, 2.09; and November, 0.75.

The average growing season at the Yakima station is 193 days.
The average dates of the last killing frost in spring and the first in
fall are April 13 and October 23, respectively. This growing season
and its limits probably apply over most of the lower Ahtanum Valley.
The growing season in the upper valley is shorter, but its length
probably is closer to the Yakima average than to the 111-day average
recorded at Rimrock.

VEGETATION

Vegetation in the area reflects the areal range of climatic conditions.
In the eastern part, the slopes and ridges are generally treeless, and
in their native condition they are covered with sagebrush and asso-
ciated desert shrubs and grasses. Trees are more abundant closer
to the high Cascades, and extensive thick groves of yellow pine, fir,
cedar, and mountain hémlock grow in the headwaters area. How-
ever, except in the extreme western part of the area, conifers are rare.
One of the most abundant trees in the upper valley is the scrub white
oak, which grows in dense thickets along stream courses and in ravines
west of the Narrows.

Cottonwood, willow, and associated water-loving plants (phreato-
phytes or “well-plants”’) grow in belts and clumps along streams and
in marshy parts of the valley floor. These phreatophytes grow only

603275 0—62——2
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in areas where their roots can be sent down to the water table or to
some other secure, perennial supply of water. The consumptive use
of ground water by the phreatophytes is an important factor in the
study of water resources of the Ahtanum Valley and is discussed in
a subsequent part of this report.

CULTURE AND INDUSTRY

Union Gap is the only incorporated city in the area; in 1950 it
had a population of about 1,800. The remainder of the population
is scattered throughout the valley or centered around the three small
communities of Ahtanum, Tampico, and Wiley. Probably less than
one-tenth of the valley’s population lives south of Ahtanum Creek,
on the Yakima Indian Reservation.

Although there is some manufacturing in and near Union Gap,
the principal industries in the valley are agriculture, animal hus-
bandry, and the processing of agricultural products. Fruit of the
finest quality is grown and processed within the area. Hops are an
important crop, and much hay is grown throughout the valley.
Sheep and beef cattle graze in the uplands during the open seasons
of the year and are wintered in the valley.

Some grain has been grown on the upland by dry-farming methods,
but most of the crops in the Ahtanum Valley require irrigation during
at least part of the growing season. In the valley, most of the water
supply developed as of 1958 is used for these irrigation needs.

HISTORY OF WATER USE

The first known irrigation in the Ahtanum Valley began about
1864 (Kinnison, 1952, p. 3). At that time, and for many years
thereafter, the magnitude of irrigation was small and the surface-
water supplies were mere than adequate to irrigate the developed lands
of both the settlers north of Ahtanum Creek and the Yakima Indians
south of the creek. However, continued development of irrigable
land, with the accompanying need for more water, subsequently led
to a series of legal acts aimed at apportioning the water resources of
the area and regulating their use for irrigation.

The first of these acts was an agreement in 1908 between the Yakima,
Indian Nation and the non-Indian water users,! wherein one-quarter
of the total surface inflow of Ahtanum Creek was allotted to the lands
of the Yakima Indian Reservation, south of Ahtanum Creek, and
three-quarters to the lands north of the Creek.

1 Agreement of May 9, 1908, between U.S. Indian Bureau and W, W. Clidden et al., representing users
of water from Ahtanum Creek. Approved June 30, 1908, by Franklin Pierce, First Assistant Secretary of
the Interior.
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By an adjudication decree in 19252 the tracts of land north of
Ahtanum Creek were assigned water rights according to preexisting
irrigation usage. These water rights are ranked according to classes
numbered from 1 to 32, the lower nuinbers representing the more
generous allotments. According to Wallace Owen, stream patrolman
for the Ahtanum Valley, the lands having water right numbers 1 to 4
are usually assured adequate surface water for irrigation, but lands
having water rights numbered higher than about 8 receive little or no
surface water for irrigation after the middle of July. No supervised
apportionment of the surface water is made until the summer flow of
Ahtanum Creek no longer supplies all the irrigation demands. As
the flow of the creek diminishes in early summer, surface irrigation
water for the higher numbered water rights is decreased gradually,
class by class, until toward the end of the irrigation season only the
lower numbered classes receive surface water. Those landowners who
in the past have planted crops requiring more water than they could
obtain from their surface-water rights have been obliged to obtain the
extra water by buying or leasing water rights or by developing ground-
water supplies. Mr. Owen reported (oral communication, August
1951) that the water shortage has been considerably relieved by the
greater development of ground-water supplies in recent years, even
though more land has been put under irrigation during that time.

In 1945 the State of Washington established a ground-water code
(Washington State legislature, 1945) requiring permits for the with-
drawal of ground water in excess of 5,000 gpd (gallons per day).
The regulation of ground-water withdrawals is designed to prevent
the indiscriminate and wasteful development of this valuable resource.

In 1957 the validity of the aforementioned 1908 agreement was
challenged by the U.S. Bureau of Indian Affairs. In the resulting
lawsuit® the Bureau of Indian Affairs petitioned for a higher pro-
portion of the surface-water inflow than the 25 percent provided for
in the original agreement. The decision on this lawsuit was pending
when this report was written. A judgment for the Bureau of Indian
Affairs would necessitate the development of additional irrigation
supplies to replace surface water diverted from the non-Indian lands,
and probably would result in accelerated development of additional
ground-water supplies in the area.

2 State of Washington v. Annie Achepohl et al., Cause No. 18279, Superior Court of the State of Washington,
Yakima County.

3 United States v. Ahtanum Irrigation District et al., Civl. cause No. 312, United States Dist. Court, Eastern
Dist. of Washington, Southern Div.
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GEOLOGY

DESCRIPTION OF THE ROCK UNITS
YAKIMA BASALT

The oldest and most prominent rock unit exposed in the Ahtanum
Valley is the Yakima basalt. This formation is composed of a sequence
of basaltic lava flows several thousand feet thick, interbedded with
a few minor sedimentary strata. It is the basal rock unit, or bedrock,
of the Yakima region, and in the lower Ahtanum Valley and many
other places the top of the formation is hundreds of feet below the
land surface. The basalt is quite resistant to erosion and weathering
and is a notable cliff-forming rock. Arched strata of basalt form
the highest ridges of the region, including Ahtanum Ridge, Sedge
Ridge, and Cowiche Mountain.

The basalt is a dense rock, having a texture so fine that most of the
individual crystals cannot be seen by the unaided eye. Fresh,
unweathered surfaces are black or dark gray; weathered surfaces
range in color from gray to reddish brown. According to Warren
(1941, p. 802) the basalt consists principally of small crystals of calcie
labradorite, pyroxene, and olivine in a dense matrix of sodic labra-
dorite, augite, and volcanic glass. Magnetite and apatite are common
accessory minerals. Calcite, siderite, zeolites, opal, and chalcedony
are common in veins and vesicles in the basalt.

Individual flow layers in the Yakima basalt range from less than
20 to more than 200 feet in thickness, and individual flows may differ
considerably in thickness from place to place. The thicker flows,
especially in their basal parts, exhibit a characteristic jointing that
forms well-developed prismatic columns at right angles to the upper
and lower surfaces of the flow layers. Subsequent jointing has divided
many of the columns into closely spaced plates or irregular blocks.
In the upper parts of the thicker flows, and in the thinner flows, the
jointing may be predominantly irregular or platy. The abundance
and configuration of jointing vary greatly from flow to flow and may
even change abruptly in short distances within the same flow. Usu-
ally the joints are most abundant at the top of a flow and decrease in
number toward the base. However, in areas of strong folding, such
as along the north side of Ahtanum Ridge, there are zones of extreme
shattering that apparently extend from base to top across the flow
layers.

The upper parts of many of the lava flows are characterized by
zones of abundant gas cavities (vesicles) which give the rock a spongy
appearance. These vesicles were formed by bubbles of gases that
issued from the molten lava as it solidified. At places the vesicles
have been partly or completely filled with secondary minerals depos-
ited by water percolating through the rocks. Generally, however,
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except where the vesicular zones have been fractured or deeply
weathered, the vesicles are separated from each other by the encasing
solid rock.

Enough time elapsed between extrusion of some lava flows to
allow considerable weathering, and thin soil zones developed at places
on top of the basalt and were buried by subsequent flows. One
buried soil zone more than a foot thick can be seen in a small basalt
quarry on the north slope of Ahtanum Ridge, due south of Wiley
(SE4UNEY sec. 23, T. 12 N., R. 17 E.). Generally, weathering
did not affect the basalt deeper than a few feet below the upper
surfaces of the flows. It is the upper parts of certain flows, rendered
relatively permeable by weathering, jointing, and (in conjunction
with these processes) vesicularity that constitute the principal water-
bearing zones in the basalt sequence.

The base of many flows is a layer of dense black volcanic glass,
usually less than half an inch thick, which is the result of a quick
chilling of the first part of the basalt flow as it came in contact with
the cooler surface below.

The total thickness on the basalt in the Yakima area has not
been determined, for no wells have penetrated to the rocks beneath.
However, it is at least 2,000 feet at Union Gap. An oil test well
(12/19-17C1) was drilled in that gorge to an approximate depth of
3,800 feet, almost entirely in basalt (table 5). The well was drilled
through steeply dipping flow layers; consequently, for most of its
depth the well penetrates the flow layers diagonally, and it may even
folow the dip of the flows for a considerable distance at depth. How-
ever, the total penetration of the well is almost certainly equivalent
to more than 1,000 feet stratigraphically—that is, across the flow
layers. As there is also about 1,000 feet of basalt exposed in and
above the gorge, the basalt sequence must be at least 2,000 feet
thick at Union Gap and probably is much thicker.

In the western part of the Ahtanum Valley, the upper 2 or 3 lava
flows (total thickness about 250 feet) are separated from the main
body of the basalt by a discontinuous member or tongue of the
overlying Ellensburg formation. The upper, separated group of
flows is similar in appearance, thickness, and stratigraphic position
to the Wenas basalt member of the Yakima (previously the Wenas
basalt of formation rank) which is exposed at Selah Gap. Although
these 2 basalt units may be equivalent, no method of definite cor-
relation has been found because at other places in the region, 1 layer,
and possibly 2, of sedimentary rocks similar in appearance and
lithology to the Ellensburg formation are interbedded with lava
flows in the upper part of the basalt sequence (Mackin, 1947; Waters,
1955, p. 670-672).
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The name Yakima basalt is applied locally to the thick sequence
of basaltic lava flows underlying southeastern Washington and ex-
tending into Oregon and Idaho; elsewhere this sequence is known
as the Columbia River basalt. The name was applied by Smith
(1901) to that part of the Columbia River basalt that poured out
in the Yakima region during the Miocene epoch. The age assign-
ment was made on the basis of fossil plants in the Manastash forma-
tion (Eocene), which underlies the Yakima basalt in the vicinity of
Cle Elum, Wash., and fossil plants in the overlying Ellensburg forma-
tion, which were first assigned an age of late Miocene (Russell, 1893,
p. 103). Subsequent workers have assigned an age of Miocene or
early Pliocene, and Pliocene, to the Ellensburg formation.

In 1952 an assemblage of fossil fresh-water mollusks was collected
from large blocks of loose debris high on the northwest flank of
Sedge Ridge, in a locality some 4% miles west of Tampico (NE4SWY
sec. 16, T. 12 N, R. 15 E.). The enclosing material, once an alluvial
sand, has been altered to a tan or rusty-brown highly resistant richly
fossiliferous quartzite. It can be traced for about half a mile in a
band roughly parallel to the strike of the basalt flows of Sedge Ridge.
Although the contact of the fossiliferous material with the basalt
was not seen, apparently being covered by slope wash, the material
almost certainly is a minor interflow deposit near the top of the
sequence of basalt flows. Mr. T. C. Yen of the U.S. Geological
Survey has identified the fossils (Sphaerium, sp. undet.; Viviparus
cf. V. leiostracta Brusinia; Fluminicola cf. F. williamsi (Hannibal);
Goniobasis cf. G. kettlemanensis), and he listed their age as probably
Plhiocene. This new evidence indicates that at least the latest flows
of the Yakima basalt may have poured out during the Pliocene

epoch.
ELLENSBURG FORMATION

The Yakima basalt is overlain by the Ellensburg formation, which
consists of several hundred feet of semiconsolidated clay, silt, sand,
and gravel. In the Ahtanum Valley, rocks of the Ellensburg for-
mation underlie the gravels of the upland benches in the vicinity
of the Narrows and crop out in bands along the slopes of Ahtanum
Ridge and Sedge Ridge. In general, the formation is easily eroded,
and over much of the uplands it has been entirely stripped away
from the underlying basalt.

A somewhat unusual topography has been developed on the south
side of the lower valley by differential erosion of the sedimentary
rocks. Headward erosion by northward-flowing intermittent streams
has formed a number of steep, narrow canyons in the north flank
of the anticlinal Ahtanum Ridge, creating well-defined spur ridges
that extend northward from the main ridge. The bases of these
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spur ridges are formed in the resistant basalt of Ahtanum Ridge,
the central parts in steeply dipping beds of the Ellensburg formation,
and the noses in moderately resistant cemented gravel. As a result
of differential erosion, most of the spur ridges terminate in knobs
consisting of this resistant cemented gravel. Saddles occur where
the less resistant Ellensburg formation appears at the land surface—
for example, between the knobs and the basalt of Ahtanum Ridge.

In appearance and lithology, the Ellensburg formation in the
Ahtanum Valley is identical to exposures of the formation in other
parts of the Yakima region. It consists of 85 to 95 percent semi-
consolidated clay, silt, and sand and only 5 to 15 percent gravel
and conglomerate. The color is predominantly gray, tan, and buff,
although there are a few relatively thin rusty-brown sand and gravel
strata. The clay and silt parts are massive at most places, but
excellent bedding and shaly parting also are found. Some sand
and gravel strata are crossbedded. The thickness of the individual
beds ranges from a few feet to more than 100 feet; strata of clay,
silt, and fine sand usually are somewhat thicker than strata of the
coarser materials.

The Ellensburg formation is mostly indurated and tough, but some
sand and gravel strata are weakly cemented and appear moderately
permeable. Cementing material is mostly argillaceous.

The silt and sand are composed chiefly of pumice, volcanic ash,
quartz, and scattered feldspar and hornblende particles. Clay-size
particles consist mostly of finely divided pumice and ash. The gravel
of the Ellensburg formation contains large amounts of tuff and a dis-
tinctive purple or gray tuffaceous hornblende andesite. Minor
amounts of diorite, quartzite, and various granitic and metamorphic
rock types also are found locally in the gravel; basaltic fragments are
rare.

In the area mapped, most of the gravel of the Ellensburg formation
is found in the lower valley and is best exposed along the north side
of Ahtanum Ridge 2 to 3 miles west of Union Gap. In that locality,
the gravel includes a wide variety of rock types.

Beneath the upper valley and in the adjacent slopes, a discontinu-
ous layer of the Ellensburg is interbedded with lava flows 250 to 300
feet below the present upper surface of the basalt. This sedimentary
bed crops out in a discontinuous band on the lower slopes of Sedge
Ridge and along the north flank of Ahtanum Ridge. The same stra-
tum has been reported in the logs of four wells in the Narrows and the
upper valley. It is 20 to 30 feet thick in surface exposures and is
reported to be 77 feet thick at well 12/16~15F1, about. 2% miles east of
Tampico. The bed could not be found on the north side of the valley,
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and apparently it has been hidden by an overlying body of cemented
gravel (pl. 1).

The sedimentary bed apparently pinches out a short distance east of
the Narrows, for it could not be traced farther east by surface mapping
and has not been reported in the logs of wells east of the Narrows.
However, probably only a few of the deeper wells in the lower valley
have been drilled deep enough into the basalt to have reached the
horizon of the bed.

To show the interbedded Ellensburg material on the geologic map
(pl. 1), its thickness has been exaggerated somewhat. Its true thick-
ness is shown in the geologic sections.

A section of about 900 feet of the Ellensburg formation is exposed
in sec. 11, T. 12 N, R. 18 E., and well logs indicate that this unit is
almost certainly more than 1,000 feet thick beneath the east end of
the lower valley floor. At least the lower part of the main body of the
Ellensburg formation apparently is conformable with the underlying
Yakima basalt. The contact between the Ellensburg formation and
the overlying cemented gravel generally is sharp where it is exposed
along the north flank of Ahtanum Ridge, where at several places an an-
gular unconformity exists between the two units. However, logs of
wells in the lower valley indicate considerable gradation and inter-
bedding of the upper part of the Ellensburg formation and the lower
part of the overlying cemented gravel in the center of the subbasin.

Most of the material constituting the Ellensburg formation obvi-
ously was derived from a region of intense volcanic activity. Its com-
position shows that the volcanism that produced it was violently
eruptive, as opposed to the slow, quieter extrusions of the Yakima
basalt. The source area for the Ellensburg apparently was west of
the Yakima region, in the area occupied by the present Cascade
Mountains.

Most of the material making up the Ellensburg {ormation was de-
posited by streams or in lakes and ponds. However, scattered thin
beds of volcanic ash or shards of volcanic glass indicate that at least
small amounts fell directly from the sky.

The first determination of the age of the Ellensburg formation was
made by F. H. Knowlton (Russell, 1893, p. 103) on the basis of fossil
plants, which were classified as belonging to the upper part of the
Miocene series. Smith (1903) cited an unpublished report by Knowl-
ton confirming this age determination. Subsequently the Ellensburg
formation has been assigned ages of Miocene or early Pliocene (Mer-
riam and Buwalda, 1917, p. 255-256; Beck, 1940).

In 1936, during construction of a tunnel through Yakima Ridge
about 6% miles north of the city of Union Gap, fossil bones were found
in sedimentary rocks mapped by Smith (1903) as the Ellensburg
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formation (NEXNW¥sec. 5, T. 13 N., R. 19 E.). Elephant remains
were found 8 to 10 feet stratigraphically above the top of the Wenas
basalt member, and camel bones were collected from a clay layer about
15 feet below the base of the Wenas member. These fossils subse-
quently were borrowed from the collection of the State College of
Washington and were identified by Miss Jean Hough. In her report
on the fossils, Miss Hough states her belief that the possible age of
these vertebrate fossils (Mammut (Miomastodon) merriams Osborn,
and a large camelid, Pliguchenia merriams Frick?) is not younger than
late Pliocene and not older than middle Miocene; the balance of evi-
dence being in favor of an early Pliocene age. This age assignment,
along with the age determination for the fossils from Sedge Ridge,
strongly indicates that the main body of the Ellensburg formation
probably was deposited entirely during the Pliocene epoch, and that
the Wenas basalt member, and perhaps the uppermost flows of the
main body of the Yakima basalt, probably are of early Pliocene age.

CEMENTED BASALT GRAVEL

An extensive body of cemented basalt gravel overlies the older
rocks along both sides and throughout the entire length of the Ah-
tanum Valley. The cemented gravel is moderately resistant to ero-
sion, and it caps, or forms entirely, the upland-bench deposits in the
west hall of the Ahtanum-Moxee subbasin. It may be wholly or
partly contemporaneous with similar gravel bodies in other parts of
the Yakima basin. A typical exposure of the cemented gravel may
be seen in a small gravel pit at the north base of Ahtanum Ridge, in
the SWYNW sec. 11, T. 12 N, R. 18 E. Smith (1903) mapped the
gravel in the Ellensburg formation and did not describe it in detail.
On the basis of lithology, structure, and hydrologic properties, how-
ever, the cemented gravel should be treated as a separate rock unit.

The gravel unit consists of 75 percent or more cemented basaltic
gravel and 25 percent or less sand, silt, and clay in lenses and discon-
tinuous layers. The color ranges from buff and gray to reddish brown
and black. The gravel strata usually are massive but may exhibit
fair to indistinct bedding. Crossbedding is rare in the gravel but is
not uncommon in layers of sand. Pebbles and larger particles gener-
ally constitute about 75 percent of the gravel strata, boulders make
up only a few percent and the matrix of sand and finer material
generally is less than 25 percent. Most of the cobbles and pebbles
are moderately well or well rounded; the finer material commonly is
more angular.

The cemented gravel differs greatly in lithology from gravel typical
of the Ellensburg formation, which Smith (1903, p. 3) correctly
described as containing very little basalt. Most of the pebbles and
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larger particles in the cemented gravel consist of basalt which is
identical in texture and composition to the Yakima basalt. Tuff and
hornblende andesite are predominant accessory rock types in some
parts of the report area; diorite, quartzite, and many granitic and
metamorphic varieties are less common. The relative amount of each
rock type varies considerably. For example, at the gravel pit de-
scribed above, basalt constitutes only about half the pebbles and
larger particles, whereas in the west half of the valley, and particularly
on the pediment slopes, all or nearly all the large particles are basalt.

The matrix in the gravel is a heterogeneous mixture of sand, silt,
and clay similar in composition to the gravel-free interbedded layers.
Finely pulverized pumice, quartz, volcanic glass, augite, and clay
minerals predominate. Cementing material commonly is argillaceous
or ferruginous, or a combination of both. The gravel generally is well
cemented and, at places, constitutes a true conglomerate. At most
places the interbedded clay lenses are well indurated and tough, but
the sandy layers are weakly cemented and friable. Some of these
sandy layers appear to be moderately permeable and may typify the
water-bearing zones in the cemented-gravel unit.

In some localities the basaltic cobbles and boulders have undergone
considerable weathering in place. Weathering of a fragment of basalt
rock typically forms concentric shells of decayed rock that separate
from the core, giving an onionlike appearance. Evidently the weath-
ered material has been incorporated to some extent in the matrix, so
that it is difficult to determine what the size and degree of angularity
of the gravel fragments were at the time of their deposition.

Exposures of the cemented gravel, and records of wells that have
penetrated it, indicate that this unit is almost certainly more than
400 feet thick at some places. Few sand and clay layers within the
gravel are thicker than about 10 feet. Cemented gravel rests on each
of the older rock units in, various parts of the area, and many exposures
show some evidence of unconformity (either angular or erosional).
Where bedding is evident, that in the upper part of the gravel unit
appears to be horizontal, or nearly so. However, in the vicinity of
the type locality described above, the basal part of the unit was some-
what tilted, apparently at the time of the deformation of the under-
lying Ellensburg formation. Also in the type area, minor thrust
faults can be found in the cemented-gravel unit. Thus, at some places
part of the basalt gravel apparently was deposited before or during
the last deformation. Conversely, the obvious unconformity with
Tertiary rocks in other parts of the valley, and the nearly horizontal
attitude of the upper, younger layers of the gravel unit, indicate that
the upper part of this rock body was deposited since the last period
of deformation.
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The cemented basalt gravel has the physical characteristics of
fanglomerate, flood gravel, or glacial outwash, indicating that the
agent of deposition was abundant fast-moving water. Much of this
material obviously was deposited in the form of alluvial fans along the
flanks of upfolds and was derived from the upfolds themselves. The
terrace remnants along the upper valley and the north side of the
lower valley indicate that the gravel unit formerly was much more
extensive than it is at present. Because the gravel probably was
deposited during the Pleistocene or glacial epoch, outwash from
alpine glaciation may have contributed toit. The foreign rock types,
such as quartzite and metamorphic and granitic rocks, that are
present in the gravel may indicate deposition from melt water; how-
ever, they may have been derived by reworking of the Ellensburg
formation in which these same rock types occur locally.

Smith (1903, p. 4) mapped a large deposit of cemented gravel in
the small valley of Cowiche Creek, approximately 8 miles north of
the Ahtanum Valley, and gave it the name Cowiche gravel. Smith
did not describe the gravel in detail, but he attributed its deposition
to the damming of Cowiche Creek by flows of the Tieton andesite in
the Pleistocene epoch. Recent geologic reconnaissance and study of
logs of wells in that area indicate that gravel apparently identical
with some of that mapped as the Cowiche gravel is beneath, and
interbedded with, the andesite flows. Therefore, the deposition of
the Cowiche gravel was, at least in part, independent of any damming
by the andesite flows.

In appearance, lithology, and stratigraphic relations with the older
rocks, the Cowiche gravel of Smith is almost identical with some of
the cemented gravel in the Ahtanum Valley. Also, the cemented-
gravel unit in the Ahtanum Valley has been traced northward to within
3% miles of the Cowiche gravel in an area where the 2 units are sepa-
rated by the Cowiche Mountain anticline. For these reasons, it is
concluded that the cemented basalt gravel in the area mapped was
deposited during virtually the same time, and under the same general
conditions, as was the Cowiche gravel of Smith and the other gravel
bodies associated with the Tieton andesite. The interbedded relation-
ship of the gravel and the Tieton andesite (of Pleistocene age) indi-
cates that at least a large part of the deposition took place during the
Pleistocene epoch.

ROCK MATERIALS OF RECENT AGE

The Ahtanum Valléy is floored by a relatively thin mantle of uncon-
solidated and semiconsolidated stream deposits of Recent age. In the
upper valley and through the Narrows, this alluvial material consists
of unsorted to sorted gravel, sand, and silt. Downstream, the allu-
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vium generally is slightly finer and better sorted, and in many places it
includes discontinuous, semiconsolidated strata of silt and clay, which
locally are called hardpan. However, even in the lower end of the
valley near Union Gap, the alluvium contains a considerable propor-
tion of cobbles. The thickness of the alluvium, as determined from
well logs, ranges from a few feet to about 30 feet.

The material in the alluvial fans on both sides of the valley is gener-
ally coarser and less well sorted than that of the flood-plain alluvium.
Most unconsolidated gravel throughout the Ahtanum Valley is com-
posed of basalt particles; however, the gravel in the alluvial fans was
derived from the Ellensburg formation or from the less basaltic parts
of the cemented-gravel unit.

Over much of the upland benches, patches and mounds of wind-
blown silt, or loess, a few feet thick overlie the resistant cemented gra-
vel or the basalt. The patchy cover evidently is a remnant of a mantle
of loess which covered the Yakima area at one time and which is simi-
lar to, and may be correlative with, the Palouse formation of eastern
Washington. Some of the patches are large enough to be cultivated;
the mounds generally are 10 to 30 feet long and a few feet high and are
protected from erosion by grass and shrubs.

The unconsolidated alluvium in the valley floor and in alluvial fans
is shown without pattern on plate 1. The loess is neither widespread
nor thick enough to map separately from the underlying units.

STRUCTURE

The Tertiary rocks of the Yakima region have been deformed into a
series of prominent east- and southeast-trending folds, which closely
control the main topographic features. The upfolds, or anticlines,
form the ridges; the downfolds, or synclines, make troughlike basins.
The Ahtanum Valley occupies part of one such synclinal trough (the
Ahtanum-Moxee subbasin) and is bordered on the south and west, re-
spectively, by the Ahtanum Ridge and Sedge Ridge-Cowiche Moun-
tain anticlines.

In the area of this investigation, the Ahtanum-Moxee syncline
slopes, or plunges, east (pl. 1, section A-A4’). The axis of the syncline
is located definitely only where the depth and configuration of the
upper basalt flows can be determined from geologic mapping and reli-
able well logs. Information available at present indicates that smaller
flexures are superimposed along and across the main folds, but the deep
burial of the basalt and the scarcity of reliable deep-well logs precludes
the early delineation of this structural detail.

Ahtanum Ridge, the anticlinal ridge south of the valley, is a tight
asymmetrical fold—the inclination, or dip, being steeper on the north
side of the ridge. 'This asymmetry is readily seen at Union Gap, where
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the arched basalt strata that form the ridge are well exposed. The
flow layers at the north end of the gorge are vertical, but within half a
mile to the south across the fold, the attitude changes to a moderate
southerly dip.

From the east end of the Narrows to within 2 miles of Union Gap,
the north side of Ahtanum Ridge is flanked by the upturned edges of
Ellensburg strata. As a rule, the Yakima basalt and the Ellensburg
formation on this flank of the ridge dip moderately or steeply north,
toward the center of the valley. However, in the southern parts of
secs. 9-12, T. 12 N., R. 18 E., sandstone and conglomerate strata of the
Ellensburg formation have been overturned slightly past the vertical
by strong thrusting from the south, and dip steeply south.

The intensity and complexity of the deformation in this part of the
valley may be judged from the abrupt changes in the attitudes of the
rocks. For example, in the SE}SWY sec. 11, T. 12 N., R. 18 E., El-
lensburg strata dip southward at a high angle; about 500 yards to the
west, rocks of the same formation dip about 46° N.; half a mile farther
west-northwest and north, in the SE4NEY sec. 10, the strata dip about
20° S.

The complexity of the structure at this locality probably is due to
either a slumping or a wrinkling of a large block of the sedimentary
rocks during the major diastrophism that produced the Ahtanum
Ridge anticline, although minor faulting also may have occurred here.

No evidence of major displacement by faulting was found in the
area, although some minor displacement, which may have been caused
by several small thrust faults, is present in the cemented-gravel unit in
the structurally complex locality just described. The tight folding
exposed at Union Gap shows that the basalt was strongly deformed by
folding alone.

The Narrows, in secs. 13-15, T. 12 N., R. 16 E., is the result of a
gentle cross flexure in the Ahtanum-Moxee subbasin. The lava flows
in the bottom of that syncline were warped upward and were later cut
through by stream erosion to produce this narrow, steep-walled part
of the Ahtanum Valley. The Narrows has an important influence on
the movement of ground water in the area, as the cross flexure partially
separates the upper Ahtanum Valley from the rest of the Ahtanum-
Moxee subbasin to the east (pl. 1, section A—A’), and retards ground-
water flow from the upper valley. At the upstream end of the Nar-
rows the nearly horizontal basalt strata emerge from beneath the
alluvial materials and gradually pass into steep bluffs and vertical
cliffs, as the valley floor slopes more steeply to the east than does the
basalt. The flow layers are quite distinct at numerous places, and
examples of typical columnar jointing may be seen along the highway.
The attitude of the basalt throughout most of the Narrows is so nearly
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horizontal that no dip is discernible, but in sec. 13 a slight eastward
plunge becomes apparent. Farther east the plunge gradually in-
creases to about 2.5°, or 225 feet per mile, between the downstream
end of the Narrows and Wiley. The steepness of the plunge probably
diminishes somewhat between Wiley and Union Gap, as shown in
section A-A’ (pl. 1), but the top of the basalt probably is at least 1,500
feet below the land surface, or some 500 feet below sea level, at the
Yakima River. Well 13/18-29Q1, just north of the lower valley
(pl. 1), was reported to have penetrated basalt at about 60 feet below
sea level (table 4).

GEOLOGIC HISTORY

At the end of the Miocene epoch, the area that is now the Ahtanum
Valley was part of a vast, monotonous plain of basaltic lava that cov-
ered most of eastern Washington and extended eastward into Idaho
and southward into Oregon. The basaltic lava flows were extruded
from fissures which probably were centered somewhere southeast of
the Yakima region. At the west side of the lava plain, approximately
where the present Cascade Mountains now stand, there was a region
of more intense voleanic activity at an elevation somewhat higher than
the lava plain but probably lower than the present Cascades. Those
ancestral Cascade Mountains were the source for the sedimentary
materials, constituting the Ellensburg formation, that were trans-
ported by eastward-flowing streams and deposited along the west side
of the lava plain.

The outpourings of basaltic lava probably continued intermittently
into the Pliocene epoch, covering the discontinuous sedimentary depos-
its, changing stream courses, and forming new basins of deposition.
Before the period of lava extrusion ended, there was increased uplift
and volcanic activity in the ancestral Cascades, furnishing more vol-
canic debris and resulting in thicker deposits of sedimentary material
which became interbedded with the upper basalt flows. After the
flows ceased, and as the Cascades continued to rise, the main body of
the Ellensburg formation was deposited. Most of the Ellensburg was
deposited from streams or in lakes, but some ash and pumice fell
directly from the sky.

The deformation that produced the sharp folds in the older rocks of
the Yakima region probably began during Pliocene time, while the
Ellensburg sedimentary material was still accumulating. This defor-
mation undoubtedly was related to the Cascade uplift, but in part it
may have be~n due also to subsidence of the center of the lava body,
somewhere to the southeast. The folding proceeded slowly so that .
the Yakima River was able to maintain its course at Union Gap by
eroding its channel as the Ahtanum Ridge anticlinerose. The Yakima
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River was never dammed to a very great depth by the uplift of Ahta-
num Ridge; if it had been deeply ponded, the water would have spilled
over and established a new course through Donald Pass (fig.1), a
structural gap about 5 miles east of Union Gap and some 400 feet lower
than the present crest of Ahtanum Ridge near Union Gap.

As the folding continued, the sedimentary material previously depos-
ited on the parts of the plain that became the anticlinal ridges was
eroded off and carried down into the centers of the synclinal basins.
This process accounts in part for the great thickness of the Ellensburg
formation (1,000~1,500 feet) in the center of the Ahtanum-Moxee sub-
basin. It is very unlikely that such a tremendous thickness of sedi-
mentary material was continuous throughout the Yakima basin.

After the easily eroded Ellensburg material had been removed from
the ridges, the underlying lava rock was exposed to erosion, and
basaltic debris was carried down the flanks of the ridges and out to the
centers of the valleys, forming a part of the cemented-gravel unit.
The lower part of the cemented gravel along the ridges has been con-
siderably tilted, indicating that deposition of the gravel began before
the folding ended. However, probably most of the cemented gravel
was deposited after the folding and uplift of the anticlinal ridges had
ceased.

Deformation of the rocks in the Yakima area had ceased by the last
of the Pliocene or the beginning of the Pleistocene, or glacial, epoch.
Since then, the major topographic features in the Ahtanum Valley
probably have not changed. Gravel continued to accumulate during
Pleistocene time, and, as evidenced by the terrace remnants on either
side, the valley probably was once filled with a nearly continuous sheet
of gravel to a level as much as 200 feet above the present valley floor.
Much of the gravel undoubtedly was deposited as fans, but melt water
and outwash sediments fiom alpine glaciers in the Cascade Mountains
may have contributed to the forming of the gravel sheet.

A change in physical conditions, probably related to the recession of
Pleistocene glaciers, resulted in active erosion of the extensive gravel
deposit into the form of the present valley floor. Sometime before or
during this period of downcutting, the uplands in the Ahtanum-Moxee
subbasin were covered by a nearly continuous mantle of windblown
silt, or loess, of which there are only remnants today.

WATER RESOURCES

Of the precipitation that falls within the drainage basin of Ahtanum
Creek, part evaporates directly or is transpired by vegetation, part
begins its return to the Pacific Ocean as direct runoff, and the remain-
der infiltrates into the soil and rocks to the zone of saturation, the
surfaee of which is called the water table. This ground water moves
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slowly toward the streams and either is discharged into them, forming
most of their dry weather (base) flow, or is evaporated and transpired
as it approaches the land surface.

Ground water in the unconsolidated alluvium in the area is freely
interconnected with the streams. Water may alternately rise to or
sink below the land surface several times during its course eastward
through the valley. During most of the year, the flows of the streams
are maintained largely by ground-water discharge; conversely, much
of the recharge to both the shallow and the deep ground-water bodies
occurs by direct infiltration from stream channels and by infiltration
of irrigation water derived from streams. Therefore, any quantita-
tive study of the ground-water resources of the area necessarily must
include an appraisal of the surface-water supplies.

SURFACE WATER

The surface runoff in the Ahtanum Valley varies widely from year
to year and from season to season. The amount of annual runoff is
determined mainly by the total yearly precipitation in the drainage
basin, but other influencing factors are the type and seasonal distri-
bution of precipitation, air temperature, soil conditions, and evapora-
tion. Seasonal distribution of the runoff is determined mostly by
the amount and melting rate of snow in the headwaters area. About
one-fifth of the total precipitation falls as snow; consequently, years
of high total precipitation usually are years of above-normal snowfall.

The runoff is greatest during years in which the snowfall is excessive,
especially if the melting of accumulated snow is rapid. Conversely,
the runoff is least during years of scanty snowfall, especially if the
melting is slow. During years of rapid melting and quick runoff,
the loss of water through evaporation is considerably less than in
years of slow melting of the snow and correspondingly slow runoff.

The Geological Survey maintains two stream-gaging stations in
the area studied. One is on the North Fork and the other is on the
South Fork of Ahtanum Creek above all major diversions. Three
other Geological Survey gaging stations have been discontinued—at
the Narrows, at the mouth of Ahtanum Creek near Union Gap, and
on the South Fork near Tampico. (See pl. 1 for location of gaging
stations.) Complete streamflow records from these stations have
been published by the U.S. Geological Survey.*

The U.S. Bureau of Reclamation formerly maintained a gaging
station on Wide Hollow Creek near its mouth (pl. 1). The records
from that station have not been published, but they are available for
inspection at the office of the Bureau of Reclamation in Yakima.

4 U.8. Geol. Survey Water-Supply Papers 252, 272, 292, 492, 812, 832, 862, 870, 882, 902, 932, 962, 982, 1012,
1042, 1062, 1092, 1122, 1152, 1182, 1216, 1246, 1286, 1346, 1396, 1446, 1516.



WATER RESOURCES 27

SURFACE-WATER INFLOW

More than half the water that supplies the area of the investigation
enters as streamflow in the North and South Forks of Ahtanum -
Creek. The remainder consists of precipitation falling within the
area, irrigation water supplied from outside the area, streamflow
entering the lower valley in the channel of Wide Hollow Creek, and
probably ground-water inflow from Wide Hollow.

The streamflow entering the valley in the North and South Forks
of Ahtanum Creek may be at a maximum during any of the months
from March through June. The runoff in both streams during those
4 months usually constitutes about two-thirds of the year’s total.
Flows are at a minimum in the fall and winter; yearly minimums
have been recorded at least once in each of the months from August
through February. The following table shows that the average
annual inflow (North Fork plus South Fork Ahtanum Creek) to the
upper Ahtanum Valley during the periods 1909-14 and 1931-55 was
about 62,000 acre-feet. It shows also that May was the month of
greatest average runoff, and September was the month of minimum
average flow.

January_________ 2,920 | May._.___._______ 15, 000 | September__.____ 1, 530
February________ 2,840 (June. . _________ 12,000 [ October.________ 1,630
Mareh__________ 4,930 (July__.__________ 4,340 | November.___.__ 2, 170
April___________ 9, 520 August__________ 2, 010 | December_______ 3, 210

Avg annual 62, 100

A considerable amount of surface water passes through the north-
east corner of the lower valley in the channel of Wide Hollow Creek,
which discharges into the Yakima River about half a mile upstream
from the mouth of Ahtanum Creek. Wide Hollow Creek is a perennial
stream that is fed principally by runoff, unused canal water, and
return flow from irrigation in the area north of the lower valley. The
flow of Wide Hollow Creek undoubtedly is related to ground water in
much the same manner as are the flows of other streams of the area,
in that it supplies some recharge to the shallow ground-water bodies
during flood stages and in turn is supplied by ground water during
low stages. However, the role of the creek in the hydrologic regimen
of the area is not clearly known because of a lack of concurrent stream-
flow records and water-level data covering a period great enough for
dependable analysis.

The only continuous record of the flow of Wide Hollow Creek was
obtained from a gaging station near the mouth of the creek and, there-
fore, does not indicate the amount of surface water entering the lower
Ahtanum Valley, but only the outflow from the stream.

Some additional surface water enters the area from the Tieton

603275 O—62——3
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canal, which brings in almost the entire water supply for the terrace
known as Wiley Heights, north of the lower Ahtanum Valley. Of
this, perhaps as much as 1,000 acre-feet per year eventually reaches
the Ahtanum Creek drainage system or recharges the water-bearing
formations, within the Ahtanum Valley.

Near the east end of the Narrows, the flow of Ahtanum Creek splits
into three principal channels which rejoin downstream before Ahta-
num Creek empties into the Yakima River. The surface water is
further distributed throughout the valley by a complex system of
irrigation distributaries. Thus, the surface runoff, and particularly
the flood-stage runoff, of Ahtanum Creek is spread widely over the
floor and on the lower slopes of the valley.

Of the total surface-water inflow, part is used beneficially by crops,
part recharges the ground-water reservoir, part evaporates directly
from streams and irrigation canals, and part is evaporated and tran-
spired by stream-bank vegetation and other water-loving plants; the
remainder leaves the valley by surface runoff and underflow to the
Yakima River.

SURFACE-WATER OUTFLOW

Records of surface-water outflow from the Ahtanum Valley include
those for Ahtanum Creek near Union Gap and for Wide Hollow Creek
near its mouth. The records on Ahtanum Creek were collected by the
Geological Survey during three short periods—March—October 1910,
April 1911-September 1914, and June 1951-March 1953. Records
of the flow of Wide Hollow Creek were collected by the Bureau of
Reclamation during the periods April 1911-March 1915 and May
1922-February 1933.

Records of the outflow of Ahtanum Creek at its mouth (near Union
Gap) and the inflow to the west end of the valley, in the North and
South Forks of Ahtanum Creek, are shown together for corresponding
months of record in table 1. A comparison of the figures in this table
shows that, during the period of record, Ahtanum Creek lost about 22
percent of its annual inflow in its course through the area. However,
downstream loss occurred mainly during the months April through
November, and a slight to moderate downstream gain occurred during
the months December through March.

The period of downstream loss coincides approximately with the
growing season. During this period, large amounts of water are
diverted from Ahtanum Creek. More water is lost by evapotran-
spiration and by ground-water outflow from the east part of the valley
than is gained by the Ahtanum Creek system from irrigation return
flow, from ground-water discharge, or from other sources such as
runoff. Seasonal differences in the inflow-outflow relationship are
due to variations in the relative magnitudes of these losses and gains.
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Downstream gain occurs during the period of high precipitation and
low evaporation, and it probably represents chiefly runoff from pre-
cipitation within the valley.

The data in table 1 indicate that, for a given inflow into the valley,
the surface outflow during the months of August, September, October,
and November in recent years has been appreciably higher than it
was during the earlier years of record. For example, the inflow dur ng
September 1951 was about the same as it had been during September
1910; however, the outflow during September 1951 was 1,640 acre-feet,
or about 3% times the 476 acre-feet recorded for the same month in
1910. The same general relationship is shown for each of the autumn
months during the two periods of measurement. The periods of
record are too short to allow any definite conclusion regarding the
validity of this indicated increase in autumn outflow. If the increase
is truly representative, it could be due to one or more changes in con-
ditions affecting the seasonal gain or distribution of the water supplies
in the valley, such as (1) increased utilization of Ahtanum Creek water
for irrigation, resulting in a delay in the down-valley transit of some
of the water and a correspondingly greater return flow to the stream
during autumn; (2) an increase in unmeasured surface inflow to the
area, such as water reaching the area via the Tieton canal; and (3) an
increase in the amount of irrigation water, pumped from the deep
ground-water bodies, that ultimately reaches the channel of Ahtanum
Creek during and after the irrigation season.

The outflow in Wide Hollow Creek was measured by the U.S.
Bureau of Reclamation during the periods 1911-15 and 1922-33 at a
gaging station near the mouth of the creek. Unpublished records
from that station show that the average annual runoff was about
20,000 acre-feet and that the seasonal variation in flow was much less
than that in Ahtanum Creek.

Because Wide Hollow Creek was gaged ounly near its mouth, it is
not possible to determine the amount of gain or loss in the flow of the
stream as it passes through the area. However, the relatively small
range between maxinmum and minimum flow suggests that the stream
receives substantial amounts of ground-water effluent throughout
most of the year.

UTILIZATION OF SURFACE WATER

The most important use of surface water in the Ahtanum Valley
is for irrigation. Water from Ahtanum Creek is used and reused for
irrigation a number of times between the creek’s entrance into the
valley above Tampico and its confluence with the Yakima River at
Union Gap. The lower valley in particular is served by a maze of
interlacing irrigation canals and stream channels, so complex that
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tabulation of the flow in individual channels is impractical for this
report.

Perhaps 17,000 acres of arable land in the area could be irrigated
with water from Ahtanum Creek if the supply were sufficient through-
out the irrigation season. However, because the available surface-
water supplies are not adequate during late summer, much of the land
in the valley is not cultivated, is irrigated only during the first 2 or 3
months of the irrigation season (when the creeks are at high stage), or
is irrigated partly or completely with ground water. Although no
quantitative records of surface-water use are available, it is estimated
that the water of Ahtanum Creek constitutes the entire irrigation
supply for about 10,000 acres. Kinnison (1952, p. 31) reported,
however, that only 2,600 acres is irrigated under water rights of a
priority high enough to assure a supply of surface water throughout
the irrigation season of an average year.

The above estimates do not include an unknown amount of land
that is irrigated partly with surface water and partly with ground
water, nor do they include an undetermined acreage that is irrigated
with water brought into the area by the Tieton canal.

GROUND WATER

That portion of subsurface water that fills voids or interstices in the
rocks under hydrostatic pressure is ground water. The water above
the zone of saturation is under less than atmospheric pressure, whether
or not it completely fills the interstices in which it occurs, and is not
considered to be ground water. This water is called vadose, and the
zone in which it occurs is called the zone of aeration.

AQUIFER PROPERTIES

Because ground water occurs in the interstices in the rock mate-
rials—that is, in the spaces not occupied by solid material—the
ability of a soil or rock to transmit water is determined by the abun-
dance, character, and degree of interconnection of the interstices. A
rock material that is capable of transmitting and yielding appreciable
quantities of water to a well is called an aquifer.

The interstices in the rock materials of the Ahtanum Valley vary
widely in size, shape, and arrangement. They range in size from the
minute pore spaces in clay of the Ellensburg formation to the larger
openings between coarse gravel particles and crevices in the basalt.
Likewise, the shapes of the interstices range from the simple nearly
round vesicles in basalt and thin, tabular joints in the consolidated and
semiconsolidated rocks to the complex interstices in poorly sorted
granular rocks. In most of the sedimentary rocks the interconnection
between interstices is good. Conversely, interconnection of inter-
stices, particularly vesicles, in the basalt often is poor or lacking.
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The porosity of a rock or soil is the ratio of the volume of its inter-
stices to its total volume. Thus, it is a measure of the ability of the
rock to contain water. Natural rock materials differ greatly in poros-
ity. The porosity of some consolidated rocks, such as tightly cemented
sandstone or massive lava flows, is only a few percent or even a fraction
of a percent, whereas the porosity of some clays may exceed 50 per-
cent. In unconsolidated rocks, the well-sorted materials, such as
clay or clean even-textured sand or gravel, have very high porosity.
Poorly sorted materials, in which the smaller particles fill the openings
between the larger grains, have low porosity.

Soil or rock may have a high porosity and yet yield little water.
For example, a clay having a porosity of 50 percent or more might
vield virtually no water because of the smallness of the pore spaces.
Also, water may be retained in isolated or poorly interconnected pore
spaces, such as the vesicles in basalt flows. Saturated vesicular zones
of most basalt flows will not yield appreciable amounts of water unless
the walls between adjacent vesicles are broken down by weatbering
or shattering. The ratio of the volume of water a saturated rock will
yield by gravity to the total volume of the rock is known as the specific
vield and usually is stated as a percentage. If water moves freely
through a rock material under ordinary conditions, the material is
said to be permeable, or pervious. Material described as imperme-
able, or impervious, allows relatively little movement of water through
it. Another convenient term, closely related to permeability, is
transmissibility. It, also, refers to the ability of a rock material to
transmit water, but of the whole thickness of an aquifer rather than
a unit thickness such as 1 foot.

WATER TABLE

The upper surface of an unconfined saturated zone is known as the
water table. The level at which water stands in a well penetrating an
unconfined zone of saturation represents the water table at that place.

The water table in most places is a sloping surface. It is highest
in areas of recharge, where water is added to the aquifer, and slopes
downward to areas of discharge, where water leaves, or is removed
from, the aquifer. The slope of the water table (hydraulic gradient)
adjusts automatically to the velocity of the moving water and the
permeability of the rock. Rocks of low permeability require a steeper
gradient than more permeable rocks to transmit water at a given rate.

The water table has irregularities that are generally comparable
with the configuration of the land surface, although more subdued.
Additional irregularities are caused by local differences in the permea-
bility of the rock materials and by local differences in ground-water
discharge and recharge. The water table fluctuates chiefly in response
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to variations in recharge to, and discharge from, the ground-water
body.

A saturated zone may be held above an unsaturated zone by a rela-
tively impermeable rock stratum. Such a saturated water zone is
called perched, and its upper surface is a perched water table.

CONFINED GROUND WATER

Water moving in an unconfined aquifer may pass between relatively
impermeable beds and become confined there under a pressure due to
the weight of the water in the unconfined part of the aquifer. Such
water will rise higher in a well than the bottom of the overlying con-
fining bed and is called confined, or artesian. The imaginary surface
coinciding with the level to which confined water will rise in wells is
called the piezometric surface. The piezometric surface is similar to
the water table of an unconfined aquifer in that it usually is a sloping,
irregular, fluctuating surface. It is highest in areas of ground-water
recharge and lowest in areas of discharge. Fluctuations and irregu-
larities in the piezometric surface are caused by variations in recharge
and discharge and by differences in permeability within the aquifer.

Water which flows naturally from the top of a well, particularly a
deep well, is commonly called artesian water. However, in the Geo-
logical Survey the term is used to mean water that is under pressure
sufficient to raise it above the top of the confined aquifer. If the top
of the well is at a lower elevation than the piezometric surface, the
well is called a flowing artesian well. Of the examples shown in
figure 5, wells A, C, and D are artesian wells, although only wells A and
C flow. There are many artesian wells in the Ahtanum Valley, but
relatively few of them flow.

RECHARGE TO AQUIFERS

Aquifers receive natural replenishment (recharge) chiefly by down-
ward seepage from the surface, either from rain and melting snow or
from streams and lakes which themselves are supplied by precipita-
tion. Irrigation may be considered a form of artificial recharge,
inasmuch as part of the water that is spread over the land surface
commonly seeps downward to a zone of saturation.

Streams that cross permeable zones above the water table contrib-
ute to the ground-water reservoirs. On the other hand, streams that
flow at a level lower than the water table receive contributions from
the ground-water body. At places within the report area, Ahtanum
Creek and its principal distributaries recharge the aquifers during
their flood stage, when stream levels are higher than the adjacent
water table, but receive virtually their entire flow from ground-water '
discharge during the low-flow periods, when streams are below the
water table.
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FIGURE 5.—Diagrammatic cross section showing various occurrences of ground water, Water in the
aquifers and wells is indicated by crosshatching. Arrows show the direction of ground-water movement.
Wells A, C, and D are artesian wells tapping a basalt aquifer confined by impermeable basalt and clay.
At wells A and C the land surface is below the piezometric surface of the confined aquifer, and these wells
flow. Well B taps an unconfined (water-table) gravel aquifer. Well E taps an unconfined aquifer perched
above the regional water table by impermeable strata within the cemented gravel.

When a'permeable zone is completely saturated, the rate of recharge
cannot exceed the rate of discharge. Any water available for recharge
in excess of the amount of discharge will be rejected and will flow
off as direct runoff. Generally, the ground-water system tends
toward a state of equilibrium wherein annual recharge equals annual
discharge.

MOVEMENT OF GROUND WATER

Ground water moves in response primarily to the force of gravity.
Therefore, areas of discharge from an aquifer are necessarily lower
than areas of recharge, and ground water moves down the hydraulic
gradient, even though it may locally move upward toward a point
of discharge, such as in a confined aquifer or in an unconfined aquifer
near a stream. The rate of movement varies directly with the hydrau-
lic gradient—that is, if all other factors remain the same, doubling
the hydraulic gradient doubles the velocity.

GROUND-WATER DISCHARGE

Ground water is discharged naturally through springs and seeps
(either at the land surface or into streams, lakes, or the sea), by
evaporation or transpiration, and artificially by withdrawal from wells
or drains.

Evaporation directly from the zone of saturation can take place
where the water table is close to the land surface. Discharge by
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transpiration takes place where the roots of plants extend to a shallow
zone of saturation or to the “fringe” water drawn up from it by
capillarity; the water is drawn up through the plants and is evaporated,

from the leaves.
HYDRAULICS OF A WELL

As soon as a well begins discharging water, the water table (or
piezometric surface) around the well is drawn down in a shape similar
to an inverted cone, which is called the cone of depression. Thus,
a hydraulic gradient is established, and water moves downgradient
into the well. As the pumping of the well continues, the cone of
depression expands, but more and more slowly, and water moves
toward the well from greater distances. The drawdown in the well
also continues at a decreasing rate. Eventually, the cone of depres-
sion may become so large that the aquifer receives recharge at the
rate at which the well is being pumped. The cone of depression then
remains virtually stable so long as all conditions remain unchanged.
Conditions in the vicinity of a discharging water-table well are
shown in figure 6.

The shape and the rate of expansion of a cone of depression are
determined almost entirely by the rate of withdrawal, the ability of
the aquifer to transmit water, and the rate at which water can be

Land surface

Perform‘ions< ——

- AN ~

FIGURE 6.—Diagrammatic section through a discharging water-table well. C-D’-C’is a section through tho
cone of water-table depression. D-D’ represents the draw down from the static (nonpumping) water level.
Arrows indicate direction of water movement.
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removed from storage in the rock material during the withdrawal.
A higher gradient (steeper cone of depression) is required to transmit
water in material of low permeability at the same rate as in more
permeable material. Similarly, a cone of depression expands more
rapidly in material that has a low storage capacity than in material
that has a high storage capacity. When the rate of pumping from
a well is increased, the hydraulic gradient at every point on the cone
of depression must become steeper so that water can move to the well
at the increased rate.

The area of influence of a well is the land area beneath which the
water table (or piezometric surface) is perceptibly lowered by with-
drawal of water from the well. In the area of influence of a well that
is being pumped, water levels are lowered in all other wells tapping
the same aquifers.

The rate at which a well will yield water can be called its capacity.
The amount of water it will yield with a given drawdown is the spe-
cific capacity and usually is expressed in gallons per minute per foot
of drawdown.

OCCURRENCE OF WATER IN THE ROCK UNITS

Locally within the Ahtanum Valley each of the major rock units
(the Yakima basalt, the Ellensburg formation, the cemented basalt
gravel, and the unconsolidated alluvium) yields ground water. At
most places in the valley, however, only one or two of these units
will yield supplies adequate for substantial uses.

YAKIMA BASALT

The basalt sequence contains the most productive aquifers in the
Ahtanum Valley. It supplies ground water to at least 14 irrigation
wells in the area, some of which yield more than 1,000 gpm (gallons
per minute) by pumping. Of the wells, 6 are in the upper valley or
in the Narrows, 2 are on the upland bench north of the upper valley,
and 6 are in the lower valley, between the Narrows and Wiley. Most
of the ground water in the basalt is under artesian pressure, controlled
by the troughlike structure of the subbasin and confined by the over-
lying Ellensburg formation or by adjacent, less permeable layers of
basalt. About half the wells that penetrate basalt either flow or
have water levels standing less than 10 feet below the surface.

At least locally near the east end of the Narrows, the uppermost
basalt flows, the Wenas(?) member of the Yakima basalt, may con-
tain an important aquifer. In that area, well 12/16-13D1 was drilled
to a depth of 146 feet, reportedly without penetrating the interbedded
sedimentary layer that overlies the main body of the Yakima basalt.
(For location of this well and others cited in text or tables, see pl. 1.)
That well has a reported pumping yield of 850 gpm and is used regu-
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larly for irrigation. Farther west, however, the Wenas(?) member
apparently contains no significant aquifers. Without exception,
wells in the upper valley that penetrate the Wenas(?) flows have failed
to yield water from that unit in quantities sufficient for irrigation.
Most of the wells have been drilled deeper, through the underlying
sedimentary layer, into the main body of the Yakima basalt in order
to produce enough water for irrigation.

The basalt aquifers of the Ahtanum Valley are recharged partly
within the area mapped, partly north of the area along the south side
of the Cowiche Mountain anticline, and partly just west of the area
along the valley of the South Fork of Ahtanum Creek between Sedge
Ridge and Ahtanum Ridge. Sources of recharge to the basalt are
infiltration from precipitation, influent seepage from the intermittent
streams on the slopes and upland benches, and influent seepage from
Ahtanum Creek in 1 or 2 localities where the piezometric surface of
the basalt aquifers is below stream level. The relative amounts of
recharge received {from each of these sources is not known. Some
recharge from streamflow probably goes on throughout the year, but
the infiltration from precipitation is limited to the wetter seasons of
the year.

Most of the direct infiltration to the basalt from precipitation takes
place on the slopes bordering the west half of the Ahtanum-Moxee
subbasin, where the beveled flow layers are exposed at the surface or
covered only by a thin mantle of slope wash ; however, some infiltration
from precipitation probably occurs at most places where the basalt is
at or near the land surface. Some of the recharge from precipitation
that occurs within the subbasin, but outside the area mapped—ifor
example, in the valley of the South Fork and on the slope of Cowiche
Mountain—reaches the basalt aquifers in the Ahtanum Valley as
ground-water inflow. Most of the recharge to the basalt from stream-
flow probably takes place in the Narrows, where Ahtanum Creek
flows directly on basalt of the Wenas(?) member or through a shallow
layer of permeable gravel overlying the basalt, and where the piezo-
metric surface of the basalt aquifers is about 30 to 40 feet lower than
the stream. The streams probably contribute some recharge also in
the vicinity of Tampico during the irrigation season, when the large-
vield irrigation wells in that area draw the artesian levels down below
the stream levels. The basalt undoubtedly recieves additional re-
charge by infiltration from the intermittent streams around the
margins of the subbasin.

In the lower valley, few wells tapping basalt aquifers have pene-
trated more than about 200 feet into the basalt. In the western part
of the lower valley, this upper part of the basalt sequence probably
corresponds to the Wenas(?) flows exposed in the Narrows. Ground
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water entering the Wenas(?) basalt member as influent seepage from
Ahtanum Creek in the Narrows may migrate eastward and provide
part of the supply for wells that penetrate the upper part of the basalt
sequence,

Movement of ground water in the basalt consists of slow percolation
across the beds, through joints in the massive parts of the flows, and
lateral flow through the interflow zones, toward areas of discharge.
In general, ground water in the basalt moves from the intake areas on
higher slopes toward the axis of the subbasin and eastward toward
the Yakima River. Locally, however, the movement may be to-
ward a discharging well, or away from a localized area of recharge
such as the Narrows. Because of the extremely wide range in per-
meability of the basalt, the rate of ground-water movement through it
also ranges widely. Percolation across the flow layers undoubtedly
is very slow, but the amounts of water removed each year from wells
indicate that lateral movement through some of the water-bearing
zones may be comparatively rapid—perhaps several feet per day—
under the hydraulic gradients occurring naturally within the area.
Under conditions of pumping, the movement near wells is still more
rapid.

Ground water is discharged from the Yakima basalt principally
by seepage to streams, through seeps and minor springs at the surface,
and from wells. The basalt loses water also by upward leakage to
shallower aquifers.

Some ground water from the Yakima basalt undoubtedly discharges
directly into the Yakima River (or into the unconsolidated alluvium)
in Union Gap. Also, some ground water undoubtedly is discharged
from the basalt to streams in the upper valley. As this efluent seep-
age cannot be seen or measured directly, the actual amount is un-
known, but it is believed to be only a few thousand acre-feet per year
or less,

Small seeps and springs issuing from the basalt are common on the
lower slopes in the area. Few of these seeps and springs flow perenni-
ally, however, and this form of discharge is believed to account for
only a small percentage of the total ground-water discharge from the
basalt.

Ground water is withdrawn from about 20 wells tapping basalt
aquifers in the area mapped. At least 14 of those wells are used for
irrigation. Possibly as much as 1,500 acres is irrigated partly or
completely with ground water from the Yakima basalt. The maxi-
mum withdrawal from basalt aquifers may be as much as 4,000
acre-feet per year, but the average withdrawal probably is closer to
3,000 acre-feet per year. The rate of withdrawal is influenced by
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variations in climate and streamflow and by the market demand for
agricultural products. As much as one-quarter or one-fifth of the
ground water withdrawn from the Yakima basalt (and also from the
Ellensburg formation) eventually may reach the shallow aquifer or
discharge into the small streams as return flow from irrigation.

Perhaps the largest discharge of ground water from the Yakima
basalt in the Ahtanum-Moxee subbasin is that by interformational
leakage to the overlying rock units and thence to the Yakima River
and the smaller streams. Ground water in the basalt beneath the
lower valley is under pressure sufficient to raise it 50 or more feet
above the land surface in many places. For example, well 12/17—
16D3, which is 384 feet deep and penetrates 59 feet of basalt, had a
shut-in pressure of 25 pounds per square inch in 1952. That pressure
is sufficient to raise a column of water about 58 feet above the land
surface. Thus, where the water table is 10 feet below the land
surface, the differential upward pressure exerted upon the confining
bed between the artesian and water-table aquifers is about 30 pounds
per square inch. Even though the confining beds have a very low
permeability and are several hundred feet thick, it is believed that
thousands of acre-feet of ground water leaks upward each year from
the Yakima basalt, through the small pores and joints in the confining
strata, into the unconsolidated alluvium or into permeable zones in
the Ellensburg formation or the cemented gravel unit. From these
more permeable rock bodies, the ground water may then be discharged
into the streams or through wells.

ELLENSBURG FORMATION

Within the Ahtanum Valley the Ellensburg formation is important
as an aquifer only in the lower valley and northwest of Wiley on the
terrace known as Wiley Heights. West of the Narrows—that is,
throughout the upper valley and on the adjacent upland benches—the
Ellensburg formation generally is too impervious, too thin, or too
discontinuous to yield appreciable amounts of water to wells.

Of the wells tapping the Ellensburg formation, the most productive
are in the center of the valley east of Wiley. Seven wells in that part
of the valley are known to obtain water from the Ellensburg formation,
and only 2 are reported to have yields smaller than 100 gpm. Well
12/18-1M1, at the Yakima Farm Labor Camp, is the most productive
well tapping this aquifer. It is 620 feet deep and in 1939 was reported
to flow at a rate of 560 gpm. In contrast, the wells on Wiley Heights
that tap the Ellensburg formation usually yield less than 100 gpm,
although larger yields might be obtained by deeper penetration into
the aquifer. Seven wells on the floor of the lower valley between
Wiley and the Narrows have failed to obtain water from the Ellens-
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burg formation in amounts sufficient for irrigation and were drilled
deeper, into the underlying Yakima basalt, to obtain economic yields.

The principal aquifers in the Ellensburg formation consist of
weakly cemented, permeable layers of gravel and well-sorted sand
which are interbedded with less permeable layers of clay and shale.
The aquifers are confined by the less permeable strata in the Ellens-
burg formation and by the underlying basalt. The structure of the
formation (the rock layers of the sides of the valley dip inward toward
the center of the valley and eastward toward the Yakima River)
and the alternation of permeable and impermeable strata produce
artesian pressure in the confined aquifers, so that several of the wells
tapping the Ellensburg formation in the center of the lower valley
are flowing wells.

The water-bearing properties of the Ellensburg formation within the
valley are not well known, for only a few wells in the area are known
to obtain all their water from that rock unit, and the information
derived from these wells is sufficient for only general conclusions.
It is believed, however, that the water-bearing zones in the Ellensburg
become generally deeper downvalley (eastward) from the vicinity of
Wiley. Also, the records indicate that the permeability of the Ellens-
burg formation, at some places, changes rather abruptly within short
distances. Records of several of the wells indicate that the basal
layer of the formation, which is about 10 to 20 feet thick and lies
directly above the uppermost basalt flow, may be one of the most
productive of the water-bearing zones in the Ellensburg formation.

The Ellensburg formation is recharged by infiltration from precipi-
tation and irrigation, by influent seepage from streams, and by upward
leakage from the Yakima basalt. The principal intake areas probably
are those in which the Ellensburg formation is exposed at the surface,
as on the upland bench northwest of the Narrows and along the north
flank of Ahtanum Ridge in the lower valley. In these areas, infiltra-
tion from precipitation, from irrigation, and from streams undoubtedly
contributes much of the recharge. Some recharge to the Ellensburg
formation probably takes place by downward percolation from the allu-
vium in a small area of the valley floor near the east end of the Narrows
(secs. 8, 17, and 18, T. 12 N., R. 17 E.) where the saturated alluvial
gravels directly overlie the Ellensburg formation (pl. 1, A-A’). At least
locally in that area, the lower part of the Ellensburg formation is
somewhat permeable, and water Jevels in that part of the formation
apparently are below stream levels. For example, in well 12/17-8K1
(tables 4 and 5), which reportedly derives its water entirely from a
20-foot-thick layer of permeable sand directly overlying the basalt,
the water level is about 20 or 30 feet below local stream level. Here
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the ground water in the alluvial gravel is able to percolate downward
mto the Ellensburg formation.

At other places where the Ellensburg formation contains significant
aquifers, the pressure head in those aquifers generally is above the
levels of the streams and the local water table; hence, no water moves
downward to the aquifers. The Ellensburg formation receives addi-
tional recharge to the north of the area mapped, where the formation
is exposed along the south flank of the Cowiche Mountain anticline.
The amount of recharge that normally migrates from outside the
area to aquifers beneath the Ahtanum Valley proper is not known,
but it probably does not constitute a major source of ground water
for the valley. One reason is that most of the water that is recharged
to the Ellensburg formation from north of the area probably migrates
toward Wide Hollow, where a large part of it is intercepted by wells.
Also, the postulated small buried upfold (see p. 23) in the beds of the
Ellensburg formation between Wide Hollow and the lower Ahtanum
Valley (pl. 1, sections E-E’ and F-F’) doubtless would retard the
southward movement of ground water from Wide Hollow. However,
unless additional information becomes available through future drilling
of deep wells in the Wiley Heights area, this hypothetical structure
cannot be affirmed.

Probably one of the most important sources of recharge to the
Ellensburg formation is upward leakage from the Yakima basalt.
In parts of the lower valley, ground water in the basalt is under
pressure sufficient to cause appreciable upward leakage, and it doubt-
less contributes to the ground water available for withdrawal from
aquifers of the Ellensburg formation.

Although the overall movement of ground water in the Ellensburg
formation is toward the center of the subbasin and eastward toward
the Yakima River, the hydraulic gradient may be modified by pumping
so that locally the water may be diverted to a discharging well. No
measurements or estimates have been made of the velocity of ground-
water movement in the formation, but the water probably moves very
slowly in the dense, clayey strata and moderately slowly even in the
more permeable zones.

In the Ahtanum Valley, ground water from the Elensburg formation
probably is discharged mainly by withdrawal from wells and by up-
ward leakage to the cemented gravel and unconsolidated alluvium.

The Ellensburg formation may yvield as much as 800 acre-feet of
ground water each year to wells. More than 95 percent of that total
comes from irrigation wells, and most is withdrawn between July 1
and October 1.

Perhaps the largest part of the natural discharge from the Ellensburg
formation is the upward seepage to the overlying cemented-gravel
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unit and unconsolidated alluvium, from which the water then dis-
charges into the Yakima River. Of course, such upward leakage can
occur only where the pressure is sufficient to raise the confined water
in the Ellensburg formation above stream levels or the water table.
Near the center of the subbasin in the eastern part of the lower valley,
the relatively high transmissibility of the cemented-gravel unit and
the high head in the underlying aquifers favor upward leakage.

Although the total amount of ground-water discharge from the
Ellensburg formation has not been estimated, it is believed to be
approximately balanced by recharge.

CEMENTED BASALT GRAVEL

The cemented basalt gravel is important as a source of ground water
only in the eastern part of the lower valley and on the upland bench
north of the lower valley. Elsewhere in the area, wells generally have
failed to obtain water from the cemented-gravel unit in amounts
sufficient for either domestic or irrigation use.

Although at most places part or all of the cemented gravel is sat-
urated, the interstices generally have been so nearly filled with
cementing material that the unit has low permeability and will yield
very little water to wells. Even on the upland bench north of the
lower valley, where supplies of water adequate for domestic use are
obtained from the cemented gravel, the yields of individual wells are
small (commonly less than a gallon per minute) and apparently are
derived from discontinuous sandy or poorly cemented lenses. How-
ever, beneath the eastern part of the lower valley, an abrupt change
in the character of the materials constituting the cemented-gravel
unit is indicated by the logs of wells. In that part of the area, the
unit contains more and thicker layers of sand and gravel, some of
which are only weakly cemented and constitute productive aquifers.
Well 12/19-5N1, a municipal well of the city of Union Gap, is the most
productive of several large-yield wells that tap the cemented gravel
unit in that part of the area. The well is 370 feet deep and produces
as much as 970 gpm from gravel and sand.

The cemented gravel on the slopes and upland benches is recharged
entirely by .infiltration of precipitation, irrigation water, and water
from intermittent streams. The more permeable zones beneath the
eastern part of the lower valley, however, may be recharged mostly
by upward leakage from the underlying artesian aquifers.

In general, movement of water in the cemented gravel is very slow.
Even the presence of permeable lenses within the gravel may increase
its overall permeability only slightly, as most of these sandy or poorly
cemented lenses are discontinuous or poorly connected hydraulically.
On the upland benches, the direction of movement generally is toward
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the edges of the benches. On the south side of the lower valley, where
beds of cemented gravel have been tilted along with the underlying
rock units, some water, recharged from local precipitation and irriga-
tion, probably moves northward toward the center of the valley.
Beneath the eastern part of the valley floor, ground water in the unit
moves generally toward the Yakima River.

Ground water is discharged from the cemented gravel on the upland
benches mainly as seeps along the bluffs and terrace faces and by with-
drawal from wells. At the east end of the valley, a considerable
amount of ground water undoubtedly seeps directly from the unit
into the Yakima River, but in that area also the withdrawal from
wells constitutes a major form of discharge. It is estimated that
about 500 acre-feet of ground water is pumped from the unit each
year for industrial uses in and around the city of Union Gap, and
another 300 acre-feet per year supplies the water system of that city.

UNCONSOLIDATED ALLUVIUM

The unconsolidated alluvium is the second most productive aquifer
in the Ahtanum Valley, being surpassed in total yield only by the
Yakima basalt. Most of the wells in the area tap the alluvium, and
even though many of these are small-yield domestic wells, the alluvium
produces about a third of the ground water used. The alluvium pro-
vides nearly all the domestic water for the entire valley, and in the
lower valley it is an important source of irrigation water. Yields as
great as 400 gpm have been reported from shallow dug wells and, at
most places in the floor of the lower valley, yields of more than 100
gpm can reasonably be expected from a properly constructed dug well.
The unconsolidated materials making up the alluvial slope on the south
side of the lower valley also yield moderate supplies of ground water,
but the depth to water there is somewhat greater than beneath the
flood plain of Ahtanum Creek, and the yields of individual wells
generally are less. The water table in the alluvium of the valley floor
is generally less than 10 feet below the surface.

Ground water in the alluvium generally is unconfined, although
at places lenses of silt and clay within the gravel body doubtless retard
the movement of water and create small bodies of confined water.

The unconsolidated alluvium is recharged by infiltration from
streams, irrigation canals, and irrigated fields; by precipitation; and
by upward leakage from underlying artesian aquifers.

" During the freshet stage, water from the swollen creeks percolates
downward to the water table, filling the interstices of the alluvium
and gradually replenishing the ground-water reservoir. During the
rest of the year, the streams are at levels so low that ground water

603275 0—62———+4
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from the alluvium seeps into the stream channels and helps maintain
the flow of the streams.

Throughout the irrigation season, the slow draining of the valley
alluvium is partly offset by more or less continuous recharge from
irrigation ditches and irrigated fields. It should be noted that a con-
siderable part of the ground water withdrawn from both the shallow
and the deep aquifers eventually recharges the shallow alluvium, and
some of this flows into the streams.

During the wetter seasons of the year, local precipitation is an
important form of recharge to the unconsolidated alluvium. Precipi-
tation is greatest when evaporation is low, and much of the rainfall
or melt water percolates downward to the shallow water table.
During the summer months, however, the meager precipitation (usually
less than 1 inch for the period July—August) is largely intercepted by
vegetation or evaporates directly from the soil without reaching the
water table.

On much of the gentle alluvial slope south of the lower valley, the
elevation of the water table is higher than the highest possible stage of
Ahtanum Creek. Therefore, the alluvium on those slopes cannot
receive recharge from Ahtanum Creek; instead, ground water from
the alluvial slopes discharges slowly but continuously into Ahtanum
Creek. The water table beneath the lower alluvial slope is, in many
places, maintained at fairly high levels by recharge from local irri-
gation, by seepage from irrigation canals and drainage courses from
the higher slopes, and by precipitation that falls directly on the slope.

In the lower valley, and particularly in its eastern part, the alluvium
that forms the valley floor doubtless is recharged to some extent by
upward leakage from the underlying artesian aquifers. The difference
in head between the water table and the piezometric surface of the
artesian aquifers may be as much as 70 feet at places. Even though
the rock materials that separate the alluvium from the artesian
aquifers are relatively impermeable, they do not prevent entirely the
upward movement of ground water, and it is possible that thousands
of acre-feet of water per year leaks upward into the alluvium in this
manner.

Ground water in the valley alluvium moves generally downstream,
toward the Yakima River, but the movement at any given place may
be toward or away from a stream or toward a discharging well,
according to the local gradient of the water table.

It is obvious from the records of the shallow wells in the area
that at most places the alluvium is at least moderately permeable,
and that water readily moves through it. However, in order to esti-
mate the velocity of ground-water movement and to make other
quantitative estimates, it was necessary to make some quantitative
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determination of the ability of the alluvium to transmit water. To
this end, pumping tests were made in September 1951 on four wells
that tap the valley alluvium. In these tests, the wells were pumped
at a constant rate, and water-level measurements were made in them
during and after the periods of pumping. The data were then ana-
lyzed by the recovery method developed by Theis (1935, p. 522;
see also Wenzel, 1942, p. 95). Under certain conditions, this method,
when applied to data obtained from a pumping test of a well tapping
an ideal aquifer, affords a satisfactory means of determining the
coefficient of transmissibility of the aquifer. The coefficient of
transmissibility may be defined as the number of gallons per day of
water, at the prevailing water temperatures, that will pass through
a vertical section of the aquifer 1 mile wide (measured normal to the
direction of flow) under a hydraulic gradient of 1 foot per mile. The
coeflicient of transmissibility, when divided by the thickness of the
aquifer in feet, gives the field coefficient of permeability, which is
the rate of flow of water, in gallons per day, through a section of the
aquifer 1 foot thick and 1 mile wide under a hydraulic gradient of 1
foot per mile, at the prevailing water temperature.

The characteristics of the alluvium and the conditions under which
the aquifer tests in the area were made differ greatly from the ideal
conditions assumed in the derivation of the recovery method. For
example, the recovery method assumes a homogeneous artesian
aquifer, of infinite areal extent, bounded above and below by per-
fectly impervious confining beds; the well is assumed to penetrate
the aquifer completely. In contrast, the alluvium in the area is
typically heterogeneous in character, and the ground water is uncon-
fined. None of the wells completely penetrates the aquifer, and all
undoubtedly have less than perfect efficiency. Furthermore, the
wells were pumped for only short periods—2 hours or less—in order
to prevent recirculation of the discharge water; thus, the cone of
pumping depression of the water table in the vicinity of the well
could not spread far enough from the well to test a large area. All
these differences between theoretical and field conditions tend to
cause inaccuracies in the results of an aquifer test. Their overall
effect on the tests in the Ahtanum Valley is not known, but the results
of the tests are considered to represent only the general magnitude
of transmissibility in the permeable gravels of the alluvium, and they
are the best basis presently available for quantitative estimates of
ground-water movement in the alluvium.

The four tests and the results derived therefrom are summarized
in table 2. As the table shows, the indicated coeflicients of trans-
missibility range from about 30,000 to 90,000 gpd (gallons per day)
per foot, and the coeflicients of permeability from about 5,000 to
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6,000 gpd per square foot. However, each of the wells tested derives
all or most of its water from coarse gravel, and the values obtained
from the tests do not apply to the lenses and discontinuous layers
of the finer grained materials, such as sand and silt. It is concluded,
therefore, that the average transmissibility and permeability are
less, but how much less is not known.

TABLE 2.—Summary of pumping lesis on wells tapping sand and gravel aquifers
of alluvium, in lower Ahtanum Valley

Depth Coeffi- | Coeffi-

Thick- |Duration| to Aver- | Maxi- {Specific|cient of|cient of

Distance ness of | of test water age mum | capa- | trans- | perme-

Well (miles) Depth | pro- level yield | draw- city missi- | ability
from— (feet) | ducing before | (gpm) | down | (gpm | bility | (gpd
zone pump- (feet) | perft) | (gpd per

(feet) ing per ft) | sqft)

hr |min| (feet)

WILEY
12/17-2R2___| In Wiley___ 9 115 ( 2 0 3.66 69 0.74 93 | 90,000 6,000
12/17-10C1_..| 14 W______ 8 61 9 1.18 64 2.27 28 | 30,000 5,000
AHTA-
NUM
12/18-4F1.___| 218 E_______ 12 .. 52 6.45 64 1.00 64 (O J —
12/18-5J1....| 14 E_______ 18 91 42 7.54 62 .85 73 | 51,000 5,700

1 Estimated.
2 Data derived from test not suitable for calculation of coefficient of transmissibility.

It is assumed, however, that the average permeability of the least
permeable body of alluvium of substantial size is 100 gpd per square
foot. Doubtless there are pods of clay having extremely low permea-
bility, but any such pods are believed to be small and not of conse-
quence in affecting areal movement of ground water. The value of 100
is believed to be reasonable for bodies of mixed sand and silt.

With these data, the probable range of velocity of water moving in
the shallow alluvium can be calculated by the use of the following
formula based on Darcy’s law and adapted from Tolman (1937, p.
215):

_(2.632X 10'5P,)h,
P
where V, is the effective velocity of the water, in feet per day,
P, is the field coefficient of permeability, in gallons per day per
square foot,
h is the hydraulic gradient, in feet per mile,
p is the porosity.

As stated, the field coefficient of permeability (P,) of the valley al-
luvium is estimated to range from about 6,000 to 100 gpd per square
foot. The hydraulic gradient in the upper valley and through the
Narrows averages about 85 feet per mile, and in the lower valley the
gradient between Wiley and Union Gap averages about 40 feet per

Ve
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mile. The average porosity of the valley alluvium probably is between
0.15 and 0.25.

Substituting the values above so as to obtain the widest numerical
spread for the sections of the valley where alluvium is present, the
results indicate the limits of the downvalley velocity at which ground
water in the shallow alluvium might be expected to move.

Upper valley:

__2.532X107 (6,000) (85) _

V,.(max) 015

86 ft per day

2.532% 10~ (100) (85)
0.25

V. (min)= =0.9 {t per day

Lower valley, Wiley to Union Gap:

2.532X 10~ (6,000) (40)

Ve (max)= 015

=40 {t per day

__2.532X10"° (100) (40)

V. (min) 035

=0.4 ft per day

Thus, in the upper valley, ground water in the inconsolidated allu-
vium might be expected to move downstream at a velocity approach-
ing 100 feet per day in the permeable coarse gravels, and less than a
foot per day in the bodies of mixed sand and silt. The rates in the
lower valley would be expected to be roughly half as great. Thus, in
the floor of the lower valley, using the highest calculated velocity,
several months would elapse while ground water in the very permeable
gravel of the unconsolidated alluvium moved a mile downstream.
In the least permeable material a considerable number of years would
be required for water to move the same distance.

In the lower valley, the profile across the valley floor is much flatter
than the downvalley gradient, and the gradient at which water moves
laterally toward the small streams probably is lower also. Therefore,
the average velocity of ground water moving laterally across the
lower valley floor probably is considerably less than the downvalley
movement, on the order of a few feet or less per day. In the upper
valley, the gradient across the valley is much steeper, and in many
places the velocity of ground water moving laterally through the
alluvium may be equal to, or greater than, the downvalley velocity.

Ground water is discharged from the unconsolidated alluvium
naturally by effluent seepage to the Yakima River and the smaller
streams, by evapotranspiration, and probably, in the Narrows and the
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upper valley, by seepage to the deeper aquifers. It is also discharged
artificially by means of wells and drainage systems. Of these modes
of discharge, effluent seepage is one of the more important.

That part of the seepage discharge from the unconsolidated allu-
vium which reaches the small streams, including Ahtanum Creek, helps
to maintain their low-level flow (p. 44). That part which discharges
directly to the Yakima River results in a contribution of perhaps
5,000 acre-feet per year to the flow of the river in its course past the
mouth of Ahtanum Valley. (See p. 63.)

It is not known how much ground water migrates downward from
the alluvium to the lower aquifers. However, the water table in
most parts of the area is lower than the piezometric surfaces of deeper
aquifers, and there could be no downward leakage from the alluvium
at these places. In a few rather small areas in the upper valley and
the Narrows, the alluvium is underlain at shallow depth by basalt and
the Ellensburg formation, in which the piezometric surfaces are lower
than the water table. In these areas, water from the alluvium moves
downward probably at rates depending on the transmission capabili-
ties of the underlying materials.

Evapotranspiration from the shallow alluvium includes {a) con-
sumptive waste of shallow ground water by phreatophytes of low
economic value, (b) consumptive use by crops, and (c) direct evap-
oration of moisture from the capillary fringe where the water table
is near the surface.

The group of phreatophytes, or ‘“well plants,” that grow within
the Ahtanum Valley includes cottonwood, willows and associated
shrubs, and marsh grasses. Alfalfa is an economic plant that acts as
a phreatophyte in areas where it can send its roots down to the water
table. Where phreatophytes grow near streams, their roots may
withdraw water from both the surface- and ground-water bodies.

The amount of water used by a unit area of phreatophytes may be
as much as, or more than, the evaporation from a free water surface
covering the same area. In an extensive study made in the Safford
Valley, Ariz. (Gatewood and others, 1950, p. 203), careful measure-
ments showed that dense stands of cottonwood use as much as 6 acre-
feet of water per acre in the year ended September 30, 1944. It
cannot be stated whether the year of the estimate was typical, but the
estimate gives at least a good general idea of the magnitude of trans-
piration by cottonwood.

The amount of stream-bank vegetation growing in medium to
dense stands in the Ahtanum Valley has been estimated from aerial
photographs at about 1,200 acres. The average consumptive waste
by that vegetation is assumed to be half that for cottonwood in the
Safford Valley, or 3 acre-feet per acre, to allow for both the lower



WATER RESOURCES 49

temperature in the Ahtanum Valley and the fact that not all the
vegetation grows at maximum density. On the basis of this estimate,
about 3,600 acre-feet of water is lost each year. No attempt has been
made to determine the evapotranspiration losses from marshy or
waterlogged land between the streams. However, the annual non-
beneficial discharge of ground water by evapotranspiration throughout
the valley probably exceeds 4,000 acre-feet. This consumptive
waste may represent a large reclaimable source of water in the Ah-
tanum Valley. Even though not all the wasted water could be sal-
vaged, the possibility of reclaiming a part of it to alleviate the water
shortage certainly warrants a careful study of the problem.

Withdrawals from wells tapping the alluvium are estimated to
average about 1,800 acre-feet per year. Of that total, about 1,300
acre-feet is used for irrigation, about 400 acre-feet for domestic sup-
plies, and less than 100 acre-feet for industrial purposes.

In addition to that withdrawn from wells, some ground water is
discharged artificially from the unconsolidated alluvium in the lower
valley by drainage systems. Several large drains were constructed
beneath the Yakima Airport and at the east end of the lower valley,
in the vicinity of Union Gap. In addition, experiments were started
about 1950 on the effectiveness of drainage systems for use on farms
in some of the waterlogged areas of the lower valley (A. L. Dickinson,
U.S. Soil Conservation Service, oral communication, September
1952). The quantity of ground water that is discharged through
these drains is not known. Apparently, however, the systems are
effective in lowering the water table only in very localized areas near

the drains.
WATER-LEVEL FLUCTUATIONS

During the investigation, levels in 9 wells in the area were measured
at intervals of 1 or 2 months for periods of a year or more, and levels
in several other wells, in the lower valley and in Wide Hollow, were
measured for shorter periods. In addition, during part of the time,
recording gages were maintained on wells 12/17-2R2 and 12/17-9J3.
Hydrographs from 11 wells in the Ahtanum Valley are shown on
plates 2 and 3.

Of these wells, 2 tap the Yakima basalt, 1 the Ellensburg formation,
and 8 the unconsolidated alluvium. The location of the wells are
shown on plate 1, and descriptions of the wells are given in table 4.

Water-level fluctuations in the alluvium are moderate. In the ob-
servation wells tapping the alluvium, the maximum observed change in
water levels was 6.96 feet in well 12/16—-18A1, from 14.02 feet (Oct. 18,
1951) to 7.06 feet below the land surface (May 19, 1952). The mini-
mum observed change was 1.24 feet in well 12/17-16Q1, from 6.02 feet
(Aug. 10, 1951) to 4.78 feet below the land surface (Feb. 20, 1952).
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The water-level measurements indicate that fluctuations of ground
water in the alluvium are related principally to variations in stream
levels, in irrigation and the flow of canals, and in local precipitation.
The water level fluctuates less in response to withdrawals from wells
and differences in evapotranspiration discharge from the shallow
ground-water body. Of the major fluctuations the largest are those
related to changes in the level of Ahtanum Creek and its major
branches. The highest recorded water levels of the shallow wells in the
valley floor usually are in the spring, coinciding with the high stages of
Ahtanum Creek. Other important seasonal fluctuations are caused by
differences in irrigation and in the flow of water through the irrigation
canals, and by precipitation within the valley. Smaller, more local-
ized fluctuations apparently are caused by different rates of pumping
from irrigation wells in the shallow alluvium and by sharp decreases in
the consumptive use of the shallow ground water by vegetation when
crops are harvested or after the first killing frost of fall. Minor fluc-
tuations of a few hundredths of a foot are caused during the summer
months by the differences in the nighttime and daytime rates of evap-
otranspiration of ground water by vegetation. An example of such
diurnal fluctuations is shown in figure 7, which is a copy of a portion
of an original chart from the recording gage on well 12/17-2R2, at
Wiley. Figure 7 also shows the drawdown in well 12/17-2R2 caused
by pumping of a nearby well.

Because the water table beneath much of the alluvial slope south
of the lower valley is higher in elevation than the maximum stage of
Ahtanum Creek, the seasonal variations in the level of Ahtanum Creek
probably have little effect on its position except in the immediate vi-
cinity of the creek. For example, the hydrograph of well 12/17-16Q1
(pl. 2) shows no fluctuations that can be correlated with streamflow.
In fact, the only marked fluctuation was a downward trend that prob-
ably was related to evapotranspiration and to pumping from the well
itself during the summer months. The highest level, during February
1951, probably was the result of recharge from local precipitation.

Well 12/18-7J1, owned by A. W. Knight, is the only well tapping
the Ellensburg formation that was measured regularly during the in-
vestigation. It is a 362-foot drilled irrigation well that penetrates 22
feet into the Ellensburg. Fluctuation of the water level in that well
isshown in plate 2. The measured range in water level was only about
2 feet, but the actual range is greater by an unknown amount because
the well flowed during the summer months and the water level was
not measured. The lowest observed level, 1.56 feet below the land
surface, was recorded in March 1952, and the highest level probably
was in July. In 1951 the well was pumped only during August.
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FiGURE 7.—Hydrograph of well 12/17-2R2, showing diurnal water-level fluctuations and drawdown from
pumping of a nearby well.

The water-level fluctuations in well 12/18-7J1 probably are con-
trolled chiefly by differences in the recharge to the formation. How-
ever, in other parts of the lower valley, the water-level fluctuations
may be controlled mainly by withdrawals from wells tapping the El-
lensburg formation.

The two observation wells that tap basalt aquifers are 12/16-13D2,
at the east end of the Narrows, and 12/17-9J3, 2 miles west-southwest
of Wiley.

Well 12/16-13D2, owned by Herke Bros., was drilled as a test well.
It is about 8 feet from a very productive irrigation well that probably
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withdraws water entirely, or mostly, from the Yakima basalt. As its
hydrograph shows, the water level in well 12/16-13D2 is controlled
primarily by pumping from the irrigation well. The water levels in
both wells respond immediately to pumping, which usually is begun in
July, and continue to decline throughout the period of pumping which
usually continues steadily for 60 or 70 days at the rate of about 850
gpm. The maximum drawdown during a season of pumping usually
is less than 40 feet. After pumping is stopped, the water levels in the
wells do not recover as rapidly as might be expected from the specific
capacity of the pumped well. Instead, the aquifer requires about 10
months, or until the next irrigation season, to be replenished, and in
some years the water levels do not fully recover before pumping is re-
sumed. 1t is therefore assumed that, although the transmissibility of
that particular water-bearing zone in the basalt is rather high, the re-
charge is limited by adjacent materials of low permeability, so that a
period of 10 months is required to replenish the ground water that is
discharged during 2 months of heavy pumping.

Well 12/17-9J3, owned by Walter Meclnnis, is 575 feet deep and also
taps aquifers in the Yakima basalt. The well originally supplied water
for a school, but it has been used exclusively for observation since the
U.S. Geological Survey installed a recording gage in January 1953.

On July 20, 1953, the water level in this well was 66.80 feet below
the land-surface datum. This level represented the seasonal high for
that year. On July 19, 1957, the approximate seasonal high was 80.98
feet below the datum. Hence, the overall decline was 14.18 feet, or
about 3% feet per year, for the 4-year span. The year-to-year decline
was not consistent however. In the years 1954, 1955, and 1956 the
seasonal highs were as much as 10 feet below the 5-year average trend,
but the reason for these inordinately low levels is not known. Major
water-level fluctuations in the MecInnis well probably are caused large-
ly by the pumping of four large-yield irrigation wells, which tap basalt
aquifers and are located within 1.5 miles of the McInnis well. The
water level doubtless is affected also by other factors, such as seasonal
variations in recharge and natural discharge.

The hydrographs of wells 12/17-9J3 and 12/16-13D2 suggest that at
least locally in the western part of the lower valley, there may be a
declining trend in the artesian pressures in the basalt aquifers. How-
ever, the length of record is not adequate to determine whether pump-
ing has reached, or is approaching, an optimum balance with recharge.

In the Pullman area (Foxworthy and Washburn, 1957, p. 56-58), in-
creased pumping withdrawals and the attendant decline in ground-
water levels have resulted in an increase in natural recharge to basalt
aquifers—recharge that otherwise would have been rejected. In the
Ahtanum Valley, therefore, moderate drawdown of water levels in the
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basalt aquifers may not necessarily be detrimental to the hydrologic
regimen of the area but could result, as in the Pullman area, in in-
creased recharge to the aquifers.

DEVELOPMENT
UPPER VALLEY

The ground-water resources of the upper valley are developed on a
moderate scale. Virtually all domestic water is derived from wells,
and the irrigation water from streams is supplemented to a consider-
able extent by ground water. The Yakima basalt and the uncon-
solidated alluvium are the principal sources of ground water; the
Ellensburg formation and the cemented gravel are not important
aquifers. The estimated withdrawals of ground water from the upper
valley, and also from other parts of the area, are presented in table 3.

All the large-yield wells in the upper valley derive water from
basalt aquifers which yield as much as 1,700 acre-feet of water per
vear to 6 irrigation wells. The irrigation wells range in depth from
146 to 598 feet, and a pumping yield of 1,300 gpm has been reported
for one of them (12/16-13D1). All 6 wells tap artesian aquifers, and
4 of the wells either flow or have flowed in the past.

The unconsolidated alluvium is an important aquifer in the upper
valley, although not a highly productive one at present. It supplies
nearly all the domestic wells, the total withdrawal from which is about
15 acre-feet per year. Atsome places, as in the Narrows, the alluvium
may be generally thinner than in the lower valley, but its similarity
in appearance to the unconsolidated gravel in the lower valley suggests
that it may be capable of yielding much larger quantities of water
than are presently withdrawn.

Any sizable increases in ground-water withdrawals from the upper
valley probably would come mostly from wells in the main body of the
Yakima basalt. Withdrawals from the basalt aquifers probably could
be increased somewhat without exceeding the long-term yield. How-
ever, any additional irrigation wells that tap the basalt should be
spaced as far as possible from other wells in the same aquifer, in order
to minimize interference—that is overlapping of the cones of depres-
sions of the discharging wells.

Although properly constructed wells tapping the unconsolidated
alluvium of the upper valley might produce as much as several hun-
dred gallons per minute each, continued pumping of several such
wells throughout an irrigation season might cause at least slight
decreases in streamflow. The floor of the upper valley is so narrow
that on most farms it would be difficult to locate a well more than a
few hundred yards away from a branch of Ahtanum Creek, and after
several months of pumping the cone of depression around the dis-
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charging well probably would spread far enough to affect the flow of
the stream—either by inducing direct infiltration from the stream
channel or by intercepting appreciable amounts of ground water that
normally would discharge into the stream. The possible effects of
increased withdrawals from the alluvium are discussed more fully in
a subsequent part of this report.

UPLAND BENCHES

Ground water on the uplaud bench north of the upper valley is
developed by means of three irrigation wells and half a dozen domestic
wells. All the irrigation wells derive water from the basalt, which
is the only source available in that part of the area for the development
of large supplies of ground water. The maximum withdrawal from
the irrigation wells is estimated to be about 800 acre-feet per year.
The domestic wells, of which some have barely adequate yields, derive
water from cemented gravel or from the Ellensburg formation, over-
lying the basalt.

East of the Narrows the basalt dips below the surface, and the
upland bench or terrace north of the lower valley is formed mostly
by cemented gravel, underlain at depths of about 50 to more than
100 feet by the Ellensburg formation. During the investigation,
wells were canvassed in the southern part of this terrace. (See pl.
1.) Most of the wells range in depth from 90 to 200 feet; they com-
pletely penetrate the cemented-gravel units and tap aquifers in the
upper part of the Ellensburg formation. A few deeper wells penetrate
farther into the Ellensburg formation, and a few shallower wells
evidently derive small supplies of water from the cemented gravel.
In general, the wells tapping the cemented gravel are the least pro-
ductive of those in the southern part of the terrace and have yields
of not more than a few gallons per minute. Somewhat larger yields,
up to perhaps 50 gpm, usually are obtained from the wells that pene-
trate a short distance into the Ellensburg formation, and yields of
more than 50 gpm have been obtained from the deeper wells. Well
12/17-3M3, owned by F. T. Tissell, about 2 miles west of Wiley, is
the most productive well in that part of the area. This drilled well,
which is 262 feet deep, penetrates more than 100 feet into the Ellens-
burg formation and reportedly was pumped at a rate of 90 gpm for
4 hours, with a drawdown of 33 feet. In the southern part of the
terrace, the estimated ground-water withdrawal is 65 acre-feet per
year, most of which is derived from the Ellensburg formation (table 4).

No wells have been drilled on the bench south of the Narrows,
although it probably is potentially as good an area for ground-water
development as the bench on the north side. The structure of the
basalt layers that underline the upland benches on both sides of the
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upper valley is generally favorable for the occurrence of ground water
under artesian pressure.

Well records indicate that any additional large-capacity wells that
are drilled on the upland benches must penetrate a considerable dis-
tance into the older rock units—that is, the Yakima basalt (adjacent
to the upper valley) and the Ellensburg formation (on the terrace
north of the lower valley). Yields of more than 100 gpm probably
will require wells at least 200 feet deep. Recharge to those deeper
aquifers probably is sufficiently great that a few additional large-
capacity wells located on the upland benches would not withdraw
ground water in excess of the long-term average intake.

LOWER VALLEY
PRESENT DEVELOPMENT

In the lower Ahtanum Valley, sizable amounts of ground water are
withdrawn from all the rock units; however, the degree of develop-
ment of the various aquifers differs widely from place to place.
Estimated withdrawals of ground water from the rock units in the
lower valley are given in table 3.

In the lower valley between the Narrows and Wiley, the unconsoli-
dated alluvium and the Yakima basalt are the only productive sources
of ground water. Neither the cemented-gravel unit nor the Ellens-
burg formation is known to yield more than small amounts of water
to wells. Basalt aquifers yield as much as 1,050 acre-feet per year
to 5 wells in the lower valley; individual well yields range from 210
gpm (well 12/17-8R3) to 640 gpm (well 12/17-16D3). The wells
range in depth from 243 feet (well 12/17-17C1) to 1,078 feet (well
12/17-16R1).

Farther east the Yakima basalt plunges deeper beneath the valley
floor; its upper surface may be as much as 1,500 feet below the land
surface near the city of Union Gap. Its depth in the eastern part of
the lower valley makes the cost of drilling to the basalt prohibitive,
and no wells have been drilled deep enough to reach it. Well 13/18-
29Q1, in Wide Hollow, penetrated basalt at a depth of 1,250 feet,
but it apparently was not drilled far enough into the basalt to tap a
productive aquifer (table 4). Fortunately, the Ellensburg formation
contains productive aquifers east of the Wiley-Ahtanum district, and
the cemented-gravel unit is a productive source of ground water at
the mouth of the lower valley. The Ellensburg formation yields
about 730 acre-feet per year to 10 wells in the lower valley. The
wells produce up to 1,100 gpm (well 12/18-2E1), and range from less
than 100 to more than 600 feet in depth. The cemented-gravel unit
yields about 800 acre-feet per year, mostly to wells in and near the
town of Union Gap.
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The unconsolidated alluvium yields most of the domestic water
used in the lower valley and is a productive source of irrigation water
in most of that area. Most of the wells tapping the alluvium are dug
or driven and are less than 30 feet deep. Yields as great as 400 gpm
have been reported for some of the shallow dug wells, and the total
withdrawal from the alluvium in the lower valley is estimated to be
about 1,750 acre-feet per year.

POTENTIAL DEVELOPMENT

Recharge to the Ellensburg formation, the cemented-gravel unit,
and the unconsolidated alluvium probably is sufficient that additional
withdrawals could be made from those aquifers in the lower valley
without lowering the water levels excessively. However, in any addi-
tional development of the ground-water resources, wells should be
spaced to minimize interference, and observations of water levels
should be made regularly to give early warning of any overdraft.

Because of the trend toward declining water levels in wells tapping
basalt aquifers, any additional development of these aquifers should
be planned carefully, and the plan should include a program for the
collection of hydrologic data.

Each of the aquifers in the lower valley, in localities favorable for
development, is capable of yielding several hundred gallons of water
per minute to a properly constructed well. The unconsolidated allu-
vium is, of course, the most easily developed of the aquifers. In
most parts of the lower valley, a properly constructed dug well can be
expected to produce more than 100 gpm. However, the probable
depth, yield, and construction cost of wells in the other aquifers differ
widely in different parts of the lower valley. In general, the with-
drawal of additional ground water from aquifers other than the allu-
vium will require drilled wells ranging in depth from a few hundred
feet to 1,000 feet, or even more.

Some of the probable results of increased withdrawal from the
alluvium would be a lowering of the water table; a decrease, at least
temporarily, in effluent seepage to streams, with a corresponding
temporary increase in ground-water recharge; and possibly a slight
increase in the consumptive use by vegetation if the water is used for
irrigation. In order to estimate the overall effects of such increased
withdrawal, it is necessary to consider not only the individual results
but also the interrelation of all foreseeable results.

Any increase in the withdrawal of ground water from the uncon-
solidated alluvium of the lower valley would tend to lower the water
table in the vicinity of the wells. This effect, by itself, would be
desirable in some waterlogged areas, but along the banks of streams a
lowering of the water table might be considered undesirable, as it
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would decrease the gradient, and therefore the amount, of water
moving to the streams or, if the water table locally were lowered
below the stream levels, would induce local infiltration from the
stream. In either event it would decrease the streamflow. Unless
the wells were located close to the streams, however, the resulting
decrease in streamflow would not occur until some time after pumping
was increased. On the basis of the yields from existing wells and the
probable rates of ground-water movement in the alluvium, it is
believed that withdrawals from shallow irrigation wells located more
than a mile or two west of the town of Union Gap would have no
direct effect upon the seepage of ground water directly to the Yakima
River during the same irrigation season, but the cones of depression
of most irrigation wells in the valley alluvium probably would be
extensive enough during the latter part of the irrigation season to
cause at least slight decreases in the flow of the smaller streams
(Foxworthy, 1953, p. 18).

These effects—that is, the decrease in streamflow and the lowering
of the water table—would be partly offset by return flow from the addi-
tional irrigation. Under normal conditions, an estimated 25 percent
of the water applied returns to the streams or to the shallow ground-
water body.

Additional cultivation and irrigation in the lower Ahtanum Valley
would of course increase the consumptive use of water by crops.
Evaporation losses also would be increased during the period of
application of irrigation water. On the other hand, the nonbeneficial
evapotranspiration loss would be virtually eliminated on the tracts
brought under cultivation. Also, if the water table were lowered
generally by increased pumping, the consumptive waste by phreat-
ophytes in surrounding areas probably would be decreased somewhat,
because in general the deeper the water table the smaller the waste
by phreatophytes. The net effect that increased irrigation would
have upon the amount of annual evapotranspiration discharge depends
upon the degree to which these factors would balance each other.

On much of the reclaimable land in the lower Ahtanum Valley, the
annual nonbeneficial evapotranspiration loss doubtless is as much as
2 acre-feet per acre, and in localities having rather dense phreatophytic
growth, it probably reaches or exceeds 3 acre-feet per acre. If reason-
ably efficient irrigation methods were used, any crop suitable to the
lower Ahtanum Valley probably would not require the application of
more than about 3.5 acre-feet of irrigation water per acre, and of this
amount perhaps 1 acre-foot would return to streams or the ground-
water body. If this irrigation water were applied to land that is now
wasting 2 or 3 acre-feet per acre, little or no additional water would
be lost by evapotranspiration. Hence, the proper reclamation of a

X
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considerable area in the lower Ahtanum Valley probably would require
little, if any, additional water. Any decrease in streamflow resulting
from the withdrawal of ground water to irrigate the reclaimed land
would be only temporary, occurring partly during the latter part of
the irrigation season but mostly later in the year when the demand on
streams is no longer critical.

SUMMARY OF WITEDRAWALS
The estimated withdrawal of ground water in the subareas of the
Ahtanum Valley, the amounts withdrawan from the various rock

units, and the utilization of the ground water in the area are sum-
marized in table 3.

TaBLE 3.—Estimaled ground-water withdrawals, in acre-feet per year, in subareas
of the Ahtanum Valley, according to use and principal aquifer

Upper Lower Upland Total
valley valley benches
Domestic. ...l 15 400 45 460
Industrial.. 0 700 20 720
Trrigation.._._ 1,100 3,000 800 4,900
Public supply.. 0 220 0 220
tock 1.._._ 25 10 25 10
Total .o o 1,115 4,330 865 6, 310
(AQUIFER)

Yakima basalt - 1,100 1,050 800 2, 950
Ellensburg formation____ . 0 730 60 790
Cemented gravel..._._ - 0 800 5 805
Unconsolidated alluvium._____________________.__ 15 1,750 0 1,765
Total. - oo e 1,115 4,330 865 6, 310

1 Includes supplies for dairies.
2 Not included in total.

Most of the estimates are based on data gathered during the
canvass of wells in the area. Estimates of irrigation withdrawals,
however, were based largely on ground-water certificates issued by
the Washington State Department of Conservation. The average
irrigation withdrawal undoubtedly is considerably less than the maxi-
mum allowable under the water-right certificates, as some of the
irrigation wells are not operated during years of above-average stream-
flow, and many others are not utilized to the extent of their water
rights. Therefore, to estimate average withdrawals from wells for
which certificates have been granted, the maximum allowable with-
drawals have been arbitrarily reduced by one-third. For irrigation
wells for which water-right certificates have not been issued, such as
those south of Ahtanum Creek on the Yakima Indian Reservation,
the averages were based on reported or estimated irrigated acreages.

Irrigation demands of course vary greatly from year to year, depend-
ing on such factors as climate, the availability of surface water, and
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market prices for crops. All the ground water used for irrigation is
withdrawn during the period from May to October, and most of the
large-scale pumping is done after July 1.

CHEMICAL QUALITY

Comprehensive chemical analyses of samples of water from 7 wells
in the area were made by the U.S. Geological Survey in 1951 and
1952. Of these, 3 tap the unconsolidated alluvium, 2 the basalt, 1
the Ellensburg formation, and 1 the cemented basalt gravel. The
results of the analyses are given in table 6. In addition, field deter-
minations of hardness and chloride content were made of samples
from about a tenth of the wells visited. The results of determinations
of hardness and chloride are given in table 7. These data indicate
the general character of water from the various aquifers.

RANGE IN CHEMICAL CONCENTRATION

The overall range in chloride concentration was from 0.7 to 26 ppm
(parts per million), and the range in hardness was from 49 to 265
ppm. The chloride content and hardness of samples from the various
aquifers range as follows:

Number of Chloride Hardness as
Source of samples samples (ppm) ?aCO);
ppm

Yakima basalt_________ ... 6 1.2-8 54-95

Ellensburg formation._ . 9 6 -26 75240
Cemented gravel 10 5 -26 120-265
Unconsolidated alluvium_____ .. ___ ... 19 .7-14 49-148

The range in concentration of all dissolved constituents was not
determined for the area as a whole because the scope of the investi-
gation did not warrant an extensive geochemical study. In the
analyses shown in table 6, the dissolved solids ranged from 113 ppm
(well 12/16-17J1, tapping unconsolidated alluvium) to 235 ppm (well
12/18-11E1, tapping the Ellensburg formation). Values for pH indi-
cated all samples to be slightly alkaline; the bicarbonate content
ranged from 74 to 180 ppm.

GENERAL CHARACTER

The analyses show that the concentrations of chemical constituents
in the ground water are related much more closely to the rock material
in which the water occurs than to the depth of the aquifer or the
geographic location of the well. Water from basalt aquifers generally
has a lower concentration of chloride and lower hardness than water
from the other aquifers. Water from both the basalt and the alluvium
is lower in concentration of chloride and hardness than water from

603275 0—62—b
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either the Ellensburg formation or the cemented gravel. Hardness
of water in the alluvium apparently increases slightly downvalley,
and shallow ground water in the alluvial slope south of Ahtanum
Creek generally is harder than water from the alluvium north of the
creek.

Differences in the chemical character of the ground water from
different aquifers can be seen more clearly in figure 8, which is a
graph upon which the seven comprehensive analyses have been plotted.
In general, the position of each point on the graph is dependent upon
the chemical character of the water with respect to proportions of 2
groups of major cations (calcium and magnesium, and sodium and
potassium) and 2 groups of major anions (bicarbonate and carbonate,
and sulfate and chloride) (Piper, 1944). Analyses of water samples
of nearly identical chemical character plot closely together, but
analyses of samples of different chemical character plot in different
parts of the graph. The analyses of water from the basalt and the
alluvium, represented by points 1, 3, 5, 6, and 7, all plot in a fairly
close group in a part of the graph that indicates they are all of the
calcium magnesium bicarbonate type. In contrast, the analyses of
water from the Ellensburg formation and the cemented gravel, points
2 and 4, are entirely separate from the other group, apparently owing
largely to a higher proportion of sulfate and chloride in these two
water samples.

An important chemical characteristic of water for irrigation is the
proportion of sodium to the principal basic constituents (calcium,
magnesium, sodium, and potassium)—the “percent sodium.” The
U.S. Department of Agriculture (Wilcox, 1948, p. 25-27) commonly
rates water as to its suitability for irrigation according to the percent
sodium and the concentration of dissolved solids. By this classifi-
cation, all samples analyzed rated ‘“‘excellent to good” for irrigation.

The temperature of water in shallow aquifers is controlled largely
by the mean annual temperature of the area. Water from deeper
aquifers usually is warmer, in response to the effect of the geothermal
gradient. The type of material that yields the water usually has very
little influence upon the temperature of ground water. In the Ahta-
num Valley, the water from the shallow wells, as much as about 40
feet deep, showed a considerable range of temperatures—from 43° to
55° F. In wells deeper than 50 feet, the temperature increases about
1° F for every 45 feet of depth, with no apparent relation to the type
of material from which the water is derived. For example, well 12/17—
3D1, which is 125 feet deep, yields water at 54° F, whereas well
12/18-1M1, which is 620 feet deep, yields water about 11° warmer,
or at 65° F. Measurements of the ground-water temperatures in the
area are given in table 4.
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F1GURE 8.—Graph showing chemical character of water from wells in Ahtanum Valley.

Plot Well Depth Principal
eet) aguifer
12/16-13D1 146 Basalt.

-- 12/18-11E1 213 Ellensburg formation.
. 12/18-5G2 10 Alluvium.
o-- 13/19-31J1 84 Cemented gravel.

- 12/18-5J1 18 Alluvium.
12/16-17J1 11 Alluvium.
12/17-16R1 1,078 Basalt.
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SUITABILITY FOR USE

The analyses, together with information supplied by residents
during the canvass of wells in the area, show that the chemical quality
of ground water in the Ahtanum Valley generally is satisfactory for
most purposes, although water from many wells is harder than
desirable for domestic use. The water generally is clear and cool
and has no objectionable taste or odor. A few wells that tap basalt
aquifers reportedly yield water that has a slight odor of hydrogen
sulfide, but this odor usually disappears if the water is allowed to
stand in an open vessel.

GROUND-WATER DISCHARGE TO THE YAKIMA RIVER

Analyses of available streamflow records indicate that the flow of
the Yakima River increases substantially as it traverses the Ahtanum-
Moxee subbasin. This increase is attributable partly to direct runoff
from tributary streams and partly to ground-water discharge. It is
possible to estimate the amount of ground-water discharge to the
Yakima River within the subbasin provided that concurrent records
of the flow of the river as it enters and leaves the subbasin and of
streams tributary to the river within that reach are available for
study.

Streamflow records have been collected concurrently at stations on
the Yakima and Naches Rivers at Selah Gap, the Yakima River at
Union Gap, and Ahtanum and Wide Hollow Creeks near their mouths
during only two brief periods, July—October 1911 and July-September
1912. Additional measurements were made at all these stations
except Wide Hollow Creek during the period May-November 1904.5
These periods are too short to allow more than a tentative estimate
of ground-water discharge.

The records show that the flow of the Yakima River nearly doubles
between Selah Gap, where it enters the Ahtanum-Moxee subbasin,
and Union Gap, where it leaves the subbasin. Most of the increase
comes from the Naches River, which discharges into the Yakima just
below Selah Gap, and from Ahtanum and Wide Hollow Creeks. The
rest enters the river as ground-water seepage and intermittent surface
runoff. -

On the basis of records for the period cited above (but omitting
those for May and June 1904, which reflect flood stages that apparently
mask the effect of ground-water discharge), the average monthly
ground-water increment to the Yakima River between Selah Gap and
Union Gap is estimated at 9,000 acre-feet per month.

8 Records cited above, eXcept those for Wide Hollow Creek, have been published in U.S. Geological

Survey Water-Supply Peper 1316. The records for the station on Wide Hollow Creek have not been
published but are available for examination at the office of the U.S. Bureau of Reclamation at Yakima,
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Ground-water contributions from specific areas within the subbasin
also may be estimated from the total discharge, provided that certain
additional assumptions are made. It is assumed that more than half
the ground-water increment to the Yakima River, perhaps 5,000 acre-
feet per month, came from the west side of the Ahtanum-Moxee sub-
basin, where precipitation and surface discharge are greater. If it is
assumed further that the contribution from the west side of the sub-
basin is evenly distributed throughout the 8-mile reach, the yearly
total for each mile would amount to about 7,500 acre-feet. Because
of lack of precise data on elevations of the land surface and on water
levels in wells and streams, no ground-water drainage divide beétween
wide Hollow Creek and the Ahtanum Creek system has been located.
Hence, the ground-water contribution from the area drained by
Ahtanum Creek cannot be determined directly. However, for the
3-mile reach of the Yakima River shown on figure 1 the effluent seep-
age directly into the Yakima River and to the short intermittent
streams and drains which empty into the river may be on the order of
20,000 to 25,000 acre-feet per year. Doubtless a part of that ground-
water discharge is from Wide Hollow, but the proportion cannot be
determined on the basis of available data.

The preceding estimate of ground-water discharge to the Yakima
River constitutes the total for all the aquifers. The discharge from
the unconsolidated alluvium may be estimated separately, using the
transmissibility data derived from aquifer tests and the gradient of the
water table, according to the following modification of the gradient
formula:

Q=TH

where @ is the quantity of water discharged, in gallons per day,
Tis the coefficient of transmissibility, in gallons per day per
foot,
h is the hydraulic gradient, in feet per mile,
[ 1is the length of the discharging area, in miles.

The gradient of the water table (h) in the lower valley near the
Yakima River is about 25 feet per mile, and the length of the discharg-
ing area ({) is 3 miles. If the average coeflicient of transmissibility (7’)
is assumed to be 60,000 gpd per foot on the basis of the results of the
aquifer tests previously described (table 2), the discharge (@) is on the
order of 4.5 mgd (million gallons per day), or about 5,000 acre-feet
per year. Thus it is estimated that the alluvium discharges as much
as one-fourth of the total ground-water discharge from the area to the
Yakima River.
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PROBLEMS OF FUTURE WATER SUPPLY

The foregoing discussion outlines the ground-water conditions in the
Ahtanum Valley during 1951-58, insofar as avaliable data permit.
This period has been marked by continuing construction of wells for
irrigation and by a major lawsuit concerning apportionment of the
inadequate summertime flow of the streams. If the productivity of
the land and the economy of the population are to reach optimum
levels, a comprehensive plan must be established for the systematic
development and management not only of the ground water but also
of the total water resources of the area.

Efficient management requires a comprehensive inventory of the
water resources of the area. This report provides estimates for some
of the factors pertinent to such an inventory; the available data allow
only tentative conclusions about other critical factors. Also, some
of the quantitative estimates presented in this report may require
revision as new data become available or if the use of water changes
materially. To complete a comprehensive water-resources inventory,
insofar as possible, to refine and check the conclusions reached during
the present investigation, and to evaluate the long-term effect of
water use upon the hydrologic regimen, the investigative studies out-
lined in the following paragraphs are recommended, to begin as soon
as possible.

STREAMFLOW

For a continuing evaluation of the inflow-outflow relationship of
Ahtanum Creek, the records from the existing gaging stations on the
North and South Forks of the creek need to be supplemented by addi-
tional streamflow data at its mouth. Therefore, permanent reestab-
lishment of the former gaging station on Ahtanum Creek near Union
Gap is recommended. In addition, a station at the Narrows would
provide data for determining seasonal gains and losses in streamflow
within the upper or lower parts of the valley.

Additional data are needed also on the flow of Wide Hollow Creek
to determine gains or losses in the stream as it traverses the lower
Ahtanum Valley and to establish its relation to the water table in that
part of the area. A gaging station located near its mouth would be
required to provide adequate data on the outflow from the creek;
another gaging station near the Yakima Airport would be required to
measure the surface inflow to the lower valley.

The present estimate of ground-water discharge from the Ahtanum
Valley to the Yakima River probably could be refined if additional
data were available on the gain in flow of the river in the reach adjacent
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to the valley. This would necessitate at least one additional gaging
station, on the river upstream from the project area and below the
confluence with the Naches River, to provide records to supplement
those from the existing station at Parker., However, much better
results would be obtained if the downstream record were collected in
Union Gap (below the mouth of Ahtanum Creek) rather than at
Parker.
GROUND WATER

Periodic field canvasses should be made of newly constructed wells,
particularly those of moderate or large yield, to fill gaps in current
information on the availability of ground water in various parts of the
area, on the extent and yield of the aquifers, and on ground-water
levels.

The network of observation wells used in this investigation
should be expanded and maintained on a continuing basis to define
more accurately the seasonal fluctuations of water levels and artesian
pressures and to give early warning of any possible overdraft from the
aquifers. The network should include at least a few wells tapping
each aquifer and as many of the irrigation and other large-yield wells
as possible. The elevations of the measuring point at each well on the
network should be established precisely by leveling. In the eastern
part of the lower valley, relatively close spacing of observation wells
tapping the unconsolidated alluvium will be necessary to determine
whether a clearly defined ground-water divide exists between the lower
Ahtanum Valley and Wide Hollow,

WATER USE

Inasmuch as the amount of water used in the Ahtanum Valley varies
from year to year, a continuing appraisal of water use for all purposes
from both surface- and ground-water sources is needed for effective
management of the water resources. Data on annual withdrawals
from wells are especially important as a possible means of determining
optimum yields of some of the aquifers where the withdrawal can be
related to water-level changes.

PRECIPITATION

In order to determine the total amount of water entering the
Ahtanum Valley, it will be necessary to refine the estimates, made in
this report, of the distribution of precipitation throughout the valley.
Operation of additional precipitation gages on the floor and slopes of
the upper valley for at least a few years probably would yield the data
required.



66 GEOLOGY, GROUND WATER, AHTANUM VALLEY, WASH.

REFERENCES CITED

Beck, G. F., 1940, Late Tertiary stratigraphy and paleontology of south-central
Washington and adjacent Oregon [abs].: Geol. Soc. America Bull., v. 51,
no. 12, pt. 2, p. 2018.

Foxworthy, B. L., 1953, Ground water in the lower Ahtanum Valley, Washington
and possible effects of increased withdrawal in that area: U.8. Geol. Survey
open-file report, 26 p., 1 pl.

Foxworthy, B. L., and Washburn, R. L., 1957, Ground water in the Pullman
area, Whitman County, Washington: U.S. Geol. Survey open-file report 122
p-; 8 pls., 9 figs.

Gatewood, J. 8., Robinson, T. W., Colby, B. R.,, Hem, J. D., and Halpenny,
L. C., 1950, Use of water by bottom-land vegetation in lower Safford Valley,
Arizona: U.8. Geol. Survsy Water-Supply Paper 1103, 210 p., 5 pls., 45 figs.

Kinnison, Hallard B., 1952, Evaluation of streamflow records in Yakima River
basin, Washington: U.S. Geol. Survey Circ. 180, 38 p., 1 pl., 2 figs.

Mackin, J. H., 1947, Diatomite deposits in eastern Washington [abs.]: North-
west Sei., v. 21, p. 33.

Merriam, J. C., and Buwalda, J. P., 1917, Age of strata referred to the Ellensburg
formation in the White Bluff of the Columbia River: California Univ. Pub.,
Dept. Geology Bull., v. 10, p. 255-266.

Piper, A. M., 1944, A graphic procedure in the geochemical interpretation of
water analyses: Am. Geophys. Union Trans., v. 25, pt. 6, p. 914-923.

Russell, I. C., 1893, A geological reconnaissance in southeastern Washington:
U.8. Geol. Survey Bull. 108, 108 p., 12 pls.

Sceva, J. E., 1954, Geohydrologic evaluation of streamflow records in the Yakima
River basin, Washington: U.S. Geol. Survey open-file report 129 p., 3 pls.,
18 figs.

Smith, G. 0., 1901, Geology and water resources of a portion of Yakima County,
Washington: U.S. Geol. Survey Water-Supply Paper 55, 68 p., 7 pls.

1903, Description of the Ellensburg quadrangle [Washington]: U.S. Geol.
Survey Geol. Atlas, Folio 86.

Theis, C. V., 1935, The relation between the lowering of the piezometric surface
and the rate and duration of discharge of a well using ground-water storage:
Am. Geophys. Union Trans., p. 519-524.

Tolman, C. F., 1987, Ground water: New York, McGraw-Hill, 593 p., illus.

Twiss, 8. N., 1943, Report on ground water in Ahtanum Valley, Yakima County,
Washington: U.S. Soil Conserv. Service duplicated rept., 10 p., illus.

Warren, W. C., 1941, Relation of Yakima basalt to the Keechelus andesite series:
Jour. Geology, v. 49, no. 8, p. 795-814.

Washington State Legislature, 1945, Ground water code relating to the regula-
tion and control of certain ground waters within the State and rights to the
use thereof, chap. 263 of Session laws, 1945: Washington Dept. Conserv.
and Devel., Div. Water Resources, 18 p.

Waters, A. C., 1955, Geomorphology of south-central Washington, illustrated by
the Yakima East quadrangle: Geol. Soc. America Bull., v. 66, p. 663-684.

Wenzel, L. K., 1942, Methods for determining permeability of water-bearing
materials, with special reference to discharging-well methods, with a section
on direct laboratory methods and bibliography on permeability and laminar
flow, by V. C. Fishel: U.S. Geol. Survey Water-Supply Paper 887, 192 p.,
6 pls.

Wilcox, L. V., 1948, The quality of water for irrigation use: U.S. Dept. Agri-
culture Tech. Bull. 962, 40 p.




BASIC DATA

67



GEOLOGY, GROUND WATER, AHTANUM VALLEY, WASH.

68

*(§)10av13
A0 ) (MAN |77 ] § | 19-€1-9 | 6°01 | "9 esBq PRARULWI) 8 0 3q |00z a0 |TTC J0PUOIA "M |”7TINS
T ‘19-81-9 Suimoy
qou ‘wd3 o8] pamoy
A[remsLIo peytodoy a1 | 03 L - ~7oI3reseq BUIABX 08¢ | 80T | 08¢ Iq | 095z | 40 |T77I0PUOIN UOUMA |~ "THS
+ a|”"7 s | 19-¢1-9 ey 61 (4 61 3@ ootz |an |”"" ayodg (0 "W |~~~ 14%
" 1§ 0}
pues Lok pus ‘3) ‘(puss
g'Z 07 [0A®I3 [BSBq Kokwepd) Uoy)
pojuewed ‘Y 103 1o | (AN |77 & | 19-€¢1-9 6°F% -BuLI10} mu:.wwwwm@ i 19 3 | 081 | 40 |"deMWnY ‘p BUUY |TT7C uy
‘3 %2 Kakepd) uony
03 § w0y puss AoAB[D a i~ 4| 19069 | 6% -BULIO} ANqSUSIY |~ - ¥ 8¥ 87 3a|osrz|an | Jyonug ‘H "M |~ "TH¥?
‘A H“NTI L
e
i 099 durd) 2y 08
PP ‘14 ¥ 10f wids 006
pedwnd ‘gpgy Ul wd3
091 Pomoy A[paptodoy ar | 98l &L 19-1 -¢ SMO[d |77 TI[eSBq BUWIIYeX (TTTTTT 34 09 91 747 I | 081 | AV |""I9PUOIN WEIM |~ "THEl
HETANI L
a o 2 o] o] =] g o] =} o] ) ol B
(=) «“ o® oum i< —_ —~ —~a@ oy~ —~0 ] —~ns =3
m 2|8 %% EEZS [eLRE N g8 | g2 | g2 | B8 | €% ¥ 855 %
=g sy |EFS” : cE | e | 27| B8 | 25| o [(SEE| ®
= S B Hg €| Ppueuoljeuliog B o o 2 ° = 88| 8
sYIeuIdy s £ £ -5z 14 ° R o < o | B | tueway, Jo zeumQ | M
s 8 ; ga g ) o 4 3 gl &
" & k=] &a, M. ®, = m'wl «
2 ul B Ha
dung 19497 1998 M\ (8)ouoz ULIe2q-19)8 M ® = '

‘9% *d Uo pOSSNOSIP aIB §159) J9JINDY ‘ainjereduia) ‘durad) ‘g o[qe) ul
3o ‘T ‘sed opy[ns UsgolrpAy ‘S¢H ‘9ynurua Jod suojres ‘urd3 ‘umopmelp ‘pp ‘L 9[qs) ul
sasATeue yeorurayod yerjaed dQ) ‘g 9[qe) Ul SesATeUe [BIIUIAYD SAISTAYaIdUIOD ‘() :SYIBUIOY
*asn Jourloj $8JE0Ip
-ur saseyjuared ul [oquIAg "9sn Ul Jou ‘NN ¥009s ‘g ‘Arddns oriqnd ‘g g ‘uo1e3LLIy
‘17 ‘TeUonIMITSUL ‘ISUT ‘BLIISNPUI ‘pu (uoijodjolad 91y { g (01Isowiop ‘(T :I19jeM JO 9s()
*euIqang ‘I, Eo_uosmm%
fuogsid fjam-daop ‘g ‘euou ‘ N 99[ tem-deep ‘r ‘rednjmud ‘o “exonq ‘g :dwnd jo edAT,

*peaY O1)8)S PAINSBAUIUN $IJBOIPUL SMO,, 'WNJEP DBVLINS-PUE] 2A0QE J09) Ul
Peoy 9178)S SIJBOIPUI JUSUILINSBOUL [9A9[-19)eM o) Surpedald ,+,, ‘S[om Surmoy uy
*199] UT passeadxe JO[LIP 10 ‘JuBud) ‘Ieumo Aq pejrodal syjdep {suoyjoel) [euroop pus
190] U passaxdxe AoAIng [Bo150[090) 0Y) AQ IPBUI SJUSUIOINSBITA [0A9[ I9yeM 0) ypda

*PO[TLIP “I(I ‘URALIP ‘u(T {3np ‘3(T ‘paioq ‘PY :j1om Jo adAT,
‘sdewr 91qdeidodo) uroy
poje[odId)ul [[oM J8 WIN)EP S0BLNS-PUR] Jo 9pnIY[e dswxoiddy wnjep 99ejIns-pus|
*A9f[eA ‘A fyoueq puerdn ‘q ‘edors ‘g ‘edois reranje ‘sv ‘uterd reianye ‘dy
:Aydeadodo,

[1 "1d U0 UMOYS aI® S[[oM JO SUOIIBD07T]

yso g ‘figunoy vwryw g ‘fiapo 4 wnuviyy

UL 87 20203U282.4do.4 fo SPLOIFY—'F ATAV ],



69

BASIC DATA

T2 0L

pp ‘md3 ggg pedund
Loy rerrul JysIs

!

33 01 PP ‘a4 -+ 10}
wds g9z‘1 pedund
‘pamoy A[EmsLIQ
T
% 09 SY201 YJIM pafIIg

*I31 10]
9jenbepeur psjrodey
-dp

*0 {m0)30q 0] [9ABIDH

-dp

-d5
TGE

PP ‘wds geg padung
3
G5¢—GGT Ioul[ pejeloy
-19d youI-g ‘g¥6I Ul
wd3 og9e padwnd ‘37
00§ A[eyemixoidde o)
papaddoad 3uruap
g8 poddogs yorym

‘13 6€¢ 98 (MO0 1UBIIS,,

N
891 03 99T WI0J] pureg

“[19M 1599
uoryesLL A[[eulBLIO
1D ‘Y foes
0g ul A18A0081 [[D],,
‘903 PP ‘14 347
J0] mid8 0g8 pedwng
i 009
pojrodal dws)y {3 $91
PP ‘aq T Jof wrd3 891
pedwing  *3J 082 0}
Jreseq ‘13 09 0) [9AR1D

-dp
*I9WWINS 9)8[
ul A1p 03 03 pojrodoy

ax

LY

AN

Ay

ux
(@AN
(@AN

g

U1
AN

U4

0e

ST

Sl

ww ng

= Zwm

3 Z wwnwn nH

w n ZEH

-1 —¢ | ¥ |mmemooeos
................... “=TTjjeseq BwWiYex
*({)[paBI3
19-12-9 9 Jr8seq pajuaa)
181 ¢ 06 7o WAN[Y
19-C ~¢ 1°11 -
1$-¢ ¢ € ([0ABI3) WNIAN[Y
.mvmﬁcm
-un ‘9sIeod
192 ¢ 9 ‘[oA®I3) WNIAN[Y
i S op -
9% ¢ L'e  |TTTTTTTTTTTT op— 7
ov-¥o-¥ 6°2¢ I 141984110
62- 9 09 |~"" "Jreseq ewWiyBX
g%~ [9°¢ |TTTTTTC wWnAN Y
~TTTeseq BUIYBX
16-4 -§ £°¢ op~~"" "]
19-4 ¢ 0¥ -([9ABI3) WNIANY
Te-L ¢ | 8°I¢
1-5e% | g | op~---"
8F-11-¥ 1 =" -jreseq BwWiBX
T9-€1-9 |82 | op=-~--
*()1ea813
J[eseq Pojusma))
T1¢-€1-9 1 9L  {777TTTTCC WNIAN[[ Y

FO01

oer

(112 4
182 | L1
....... 8
....... 9
F06 9
21 ¥
0 09
....... I
+ar 48
8% | 9-01
g8 | @1
....... %1
....... 24
I ¢
8
44 ¥1
14 9
- 9
9

¥8¢

182

961
91

001
48

1

1444

9F1

1a

1

1a
1a

1aq
3a
3a
a
a

1a
ua

ia
3a
1a

1a

1a
3a

uq-3a
3a

068°1
0661

0ST g
080z

dy

ay

dy
dy

dy
ay

dy
dv

dy

dy
dv
dy

dvy

an
qa

---~10pUOJN Ju®lg

~u9zZBH ¥ UOSILIBY)

“TPIRUABIN Juelqg
uuuuuuu J0PUOIN “ M

||||||| xoud ' ‘9
~19]INYSS SEIOYDIN

..... IOPUOIN 'V °S
“UsoT AIUsH "SI
amSR L gp -

~~""SeSUBH INYUY

..... )M WellH
--~~SeSUBH INy}y

||||||| 801y o3IoH

-sdyyd urore{ueg
I nﬂﬂsumcm WS

-==--~-soig ojI0H

....... STV I
..... smog selIwO)

“TTIOPUOJN UOUWIDA

T TSpIBMpy sowaef

“TTID8T

TTTI08T

TTTRdST
TTTIVSL

TTTTTILT
TTTINLY

TTTTTAST

TTTTHST
TTIast

TTTTIAVE

TUiaet

81
“TTINOT

TTTTIING

“TTTTH6



GEOLOGY, GROUND WATER, AHTANUM VALLEY, WASH.

70

‘uor)
40 4 W16 aj¥ | 4] 16l 0. | -ewwIo} SInqsuL{IA 9 861 Id | 00F‘T jan |TTTTTT A%Y LS |TTTUIVE
durey S&.@.:.amum
.un« ‘siorjurads ¢ . pug “Aneq
sonrue) g sonddng | ‘U@ |3t | S 1989 | 12 Qyumanfy |=777" 9 6L aq joogr})dy Joosqduudg |~ 141
*soy[Iure) § ‘[oABIE
pue sea03s ¢ serddng | pul ”Q 5 S | 16-91-¢ 0 1[8s8q pojusuIa) 9 LL aq | 0se ‘T | AV [-1uSuqng myyry |70 INT
art‘a |n s | 19-1 -9 6"  |TTTTTTC wWnANY 96 P 3 | 09g | Ay |- MEUS H | ZIAL
*(19A®13 pue Y
o g | sfne-L ) o8 puts) wmiAnyry e | 0 |9 g aq | oge'r | dy | -Buruuer wewAr |11
ur‘a| t| s | 19-62-¢ eg 7T nmm_wwmﬂ¢ ....... - %"l ST ud |08z‘1 | dv |=- - Aeap eaf [-----ye1
9S1802) 1OI9
1 a| 1 ¢|77T 09 ~BULIO} wmw_m_wwﬂ_:m Fe FL61 00e g-9 005 Iq | 08T |an |~ Surmeus W ‘g |7 "ED1
i ‘uoy
af &)L -“BUIL0} 3MASUOIIG (~~~~""7(""""~" Foor | 9 6¢1 aaq | oes‘r | an | -Swmuuwey wemAT |----em1
8 8119629 | 27 aon 8y ¥y 3q (oeet{an |- oldeg ('p |7 -Tidl
*seliurej g serddng a (% d | 8 -01 g9 ~BULIO} SINQSUANH 081 9 081 € ose‘rjan |- w : R
G on iy a an 0SIM "0 'H 1at
[0ARI3 J[BSEQ PAIUDUII)D s‘a|x® | s|19-62-9 06 jeseq pajueura)) | L o1 9 oL L 3@ | o1g‘1 | An [~-""uosnBaeq euey |T---zdl
ALLACNIL
*}} 81 09 [0ABI3
pue pues ‘) § 09 (108 *(19A®813 puB
.E::mw Hw m.wﬁ.wwm alpt | s € Pues) wiaAny | 1 ¥o|Fe % 81 3q |oerg | dy |77 I0PUOTN "M |~T7I8T
PP ‘wd3 (2% va.nﬁsa
‘9¥-06—¢ ‘wd3 06 M0h
Pajiodal 3] 0zg JO
3dop 38 PopIe)s Morg g | 02| L | 1$-1 ~§¢ | SMO[g |~~~ "918seq BWIfBX |"TTTTTT[TTTTUCC g1e -8 £ve aq | 0112 } AV |7~"""""soug OMIOH | TSI
penunuoy—g 91 A “N 21 L
=] =l ] o} =) =} g g =} ) ] i
% =) « £ w W.S \/'H.h al e o5 = ~wm m. =]
s |2|%| B |EEER| wweww | EREZ|EE|EE |EE| ¥ |EEE|E
< 2 g mm 22| puewogemog | SE | S | &5 £R | &7 e [SEB 5
SYIBWIY S 2 £ =“gg @ ° gl R = < ol ° | tuewAL Jo UMO | [PM
g 4 ? B& g 8 e = e g5l B
= 2 = 2 = 3 = 2| =«
= 2 = EB
® e &
dung 19A9] J33B M. (S)ouoz 3urreoq-191e M = *

penunuon—ysoy ‘fAruno) vwryp {1 ‘fopn wnuppyy ul s)em 2010UIssLdaL fo SPL02dY—F IV,



v
D~ * K[[BUOISBODO
puss padund

04A®Y 0] pajtodoy
soljruney
Z serjddns {pem

-seowr uaym Suidung
‘Y ee PP Iq ¥
10] md3 gg podwnd

‘sotfiure] ¢ soigddng
N AT

PP ‘md3 $4¢ pedung

*Jd o¥g dule,
‘wds $4¢ pegiod
-31 £q10vded dumg
“3] 06 1N0Q8
0} [9ABI3 PR UIWD

-dp 359
JoJube g og¢ dweg,
‘wd3 og pojtodar A
-0udes amnd ‘3818l
PUL ‘UIdAB) “‘SIIJIO]
pooj] wazolj serddng
"m0130q 0] [3ABIE pue
pues '3J 01 PP ‘uos
-8as U01PBALLI U A1183
wd3 00Z-0ST 38 PASAL,

-dp

~axngsed

J0 9198 1 s9383LIIT
*S91113q jO

I8 34 INO0QE $8)BILLIT

BASIC DATA

dp ‘setimuej ¢ seriddng
"33 06 PP ‘wd3 0g
padurnd ‘uorjesriar
10} pasn ALI9ULIOJ

‘sorjruas] g serddng
*S%H JO 10p0 Jy3y[s
9ARY 0] pajrodol
)8 "} 06 Jn0qe

0] [9ABI3 PJULWIA))

'31 06 Jnoqe
0] [8ABI3 PojULUI))

w
ARARARAARAA

=]
-

o
5
=Y

Eoi s

uar ‘a
uy‘a

(41) N0

41

"

R

%

X

51

O m w A w» o w M

mmmOmE‘

*(1oA®I3 pus
puss) (z)uon

- -BULIOJ 3INqSUS[H
19-82-9 8¢ |TTTTTTCC -t -
‘uory
9¥61 Z81 | -ewwio) 3anqsud|[q -
- -9 2 i Rk 09
“uory
19-82-9 9L -8ULI0] SMqSUSI |~ il Rt
166 21 | €711 op~— - | == =m [ o ee- 08
*(a)uony
8¥61 [ ~BULIO} waspmm@_vﬁ .............. Fop
teatas pojuonion |-~ F00e | 06
*(puss) uory
19-42-9 ¥ -8ULI0) SqSud[y |~ 06 00
*(¢yuory
16-62-9 1°02 -BULIOJ SINqSUI{H
19969 4 (19A®IZ) WNIARYYY [~=~""="|=""=TT |
*([0ABIS 251800)
09~ 6 0% (pyumARy [~777Tm|mTT 42
‘([9A®I3 pue
1g-L1-¢ 0°¢ pues) WNIAN[Y |~777777 er |~
- Qreaws | _
.................. [BSBQ PAUIWD)D) e it
16-L1-¢ LG op~~"T
15-91-9 ¥T ([oA®I3) WMIAD[Y |~~~ """ ["TTTTIom
*() wory -
1e-91-¢ | 8°9¢ | -wwaoj 3mqsudqiy [~
(e)uon
15-68-9 +0¢ -BULI0f SINQSUI[H -
.......... 0§ [~77TTTTTTTTIORTTTTTITTTTTTIROG 12
‘(puss
Jo®r]q) uor}
19-9 L 999 -BULIO) SInqQSUd[[y |~ """ F06 oF

9¢

001

292
:188

091
06

A
61¢
26

201

91
[+

091

¥6

26

Ia
Ia

Ia
1a

iq
iq

1
1a
1a
a
3a

a

3a
Ia

3a
3a
Ia

1a

1a

a

089 ‘T
009 ‘1

009 ‘T
096 ‘I

0181
08¢ ‘T

089 ‘T
096 ‘T
0% ‘T
018 ‘1
%€ ‘1

0ge ‘T

08g 't
068 ‘T

088 ‘1
08g ‘1
06¢ ‘T
09F ‘T
00% ‘T

00% ‘T

qan
qan

qan
qan

an
qn

qan
qan
an
an
ay

dy

ay
dy

dv
ay
qan

qn

qan

an

“-r3ulZNoH “d 'O |TTTIA
..... WonsAN 18D |T"TTINS
..... TIessLL "L ‘I |TTTTSINE
"TTUOSIPUY A 'V [TTTZINE
...... wose[) "F D [TT7TUILE
“puBNSOACT “H "W |77 Tae
somocAe SN [TTUUIAE
TTumreyaseg M N [T D¢
==TTuospe) AIUSH |TTTTTIde
....... QUMBT JBIO [TTTTVE
---Kadserp yuvlg |-""73HT
=-TTpIe(liM PAOLT | TTUE
......... ugods | | EdT
TTTTTTTTIR wIny |t (14
“If ‘ZATBYaNy (VL [T (4 (4
..... Ny P |~ dE
ouy
‘SPIBY2I0 MqIID (7" TINZ
-auy

*mﬁuaﬂo._o MqUp 777 TIMIZ
--op 3
“TTTDIBMIM PAOLT |77 gfe



GEOLOGY, GROUND WATER, AHTANUM VALLEY, WASH.

72

*dD 33 051 03
021 woly pajeopted
Juised {s1ade] pues
Surreaq-1978M uIy)
N 10 € quM A% ‘ “uory
1S PaYenjousg aly £ | 0s61 9 -enLI0} SANqSUS |- il o9 1 ‘ - JoAwopm 031000 |=----
'] ‘uoryes 4 - (puts) Emm_ 4 (44 a|ooa| A M 981000 1o
-141l 10} pasn oq o, AN |7 N | 16-61-9 0g | -suLio] msnwmozﬁ or | ovr [ ¥ | 9 691 ia|osei| A ozz0l0[ " g |~ 249
. ‘u -our
‘wds 9'¢ sdmng al|Hi) alie- -9 00% | -eurloy ?ﬂnmawwm ....... 98¢ | %62 | 9 g1e iq | 0pL‘T | a0 | ‘spavgorQ 1equd [TTTTINS
*([eA®
PO A N Ppue pues) uol} “Juopuery
"1 ¢ PP g uraHn) 4 e I E:n.m_mﬁ arm ¥z | o1 | 9 <IZ iq | 09t [ an ueg 1039d |*""THS
%1 a0y wd3 gy Ea_mwm s‘af# | alwec-6 6L | -ewwio; Smqsua 9 LT ia | ozo‘c| A |----femeqg sno |- 188
‘dQ ' oFg dure t956g \ *(pues) uory
PP ‘wd3 mo%%%%oﬂum ur‘al ¢ &L 19-gz-9 9 -ewLIo] anqsuelry | Of 091 | L 9 oLt iq | 091 | A |~-uorBuruey '@ |- 1ae
0) oaBIS ﬁE:o-MMQ O]
‘seliurej g sariddng a |3 S | 19-92-9 (i8¢ 9ABI3 PajUA, 3 ¢
‘wds gg pajptoder s ¥ o 0 8% 68 a | 0091 | an op 1%
Anovded dund ‘sarft *00 yuelg ‘103
-ure} [eIoass sefrddng alz|a o o | ez | 9 L6¢ IQ | 009°T | 40 | -seOuET ‘SEPOYOD [~"TTINF
. ) Uoy}
'sol[imey g serpddng al rv|al~f -eu10} SIqSUL[[H 9 08 aa | ogo* ——-- oS 0y |-
790 op fads T|an syuyny “d "D [5:¢7
${g1 peduind ‘querd , *(;)uony
supjord yny mmwmma pur‘@a | T £pTUTTTTTC 6 ~BULIO} 3MqSUSIH 08 | 9 101 ia | 06¢ ‘T | an |~1e8sedsuBy "H T |77 LR
Sunyjoed oy meﬂ%mﬂﬂw Pur | ¢ | @ T op~TTT === 4 aa | oss‘r | qa |t op--—-- - ZHF
PP ‘utwa 7 1oy wds
gLpedumg jusd . *(pues) uory «199) ‘suog
Supyoed yny seyddng | Pur ‘@ | § | & | 9918 oL | -euno) 3MQSWIE | M, OIT [-~=~==~|~"===""" 098 ia |oo9r | an| % uopog g r |---1me
panupuo)—5 L1 “¥ “N ZI°L
=i -l =) g m v @] =] o] = el =)
W o ® eu f=y=4 —~a Pde] o~ —~o —n g =]
s g ..m £ mvmmm TeLRIEIy §o | g2 | 82| BEE | €2 .m SR
Py g ! mmmm puewonemog | S8 | 22 | €F | 23 | &5 s [SFE| 8
sytemoy ® 2 g |<°5F 2 g 2| &8 =3 3 22| 2 | jupuey, 10 oumo | Tom
g ] G B& g m o ] 3 23 &
A ) <] g m. e = 2 m <
= o
durng 19A9] 1038 M (5)0Uu0z 3uLIeaq-10)B = B

panunuo)—-ysoy ‘fruno) vwiyp g ‘Aopng WnuUDNY Ul SJ19M 20UDIUISILAIL fo SPL0IPY —F TIAV],



o
o~

BASIC DATA

1 ‘Y 0FI PP
‘mad3 gz pedund
‘{dwd} 109BM 30NpP
~o1 03 y3dep 1-670° T
[BuI3LI0 UIoyy
PO[[IL  SOIIwE]
[B19A3s pue jusid
o8e103s proo sefjddng
-d
*dp ‘uxop
-j0q 1% ,uedpieH,,

+dp ‘uorjediix 10§
ajenbepeul pajiodey

IoUITInNS 97e[ Ul
AIp s903 Afpojiodeyg

i
‘oyenbepeul pojrodey
‘T siq)
opIsul PAIILIP g D01
oA 1591 MDY

"N ¥I PP ‘A9 ¥
Jo0] mxd3 001 pedwing

I
*S[1e] 301D
wnueyy uoym
AIp s003 A[pojaodayd

-dp

*ajenbopeul pajiodoy

*1 ‘33 00%
pus 875 jo syzdap
1B pomold  ‘S¢H
sutejuod A[pajiod

-91 1998M { T 509
duey 133 94 PP ‘a4 ¥
107 wds ¢81 ‘pedurng

1‘dD
-

‘3jenbopeut pajiodey

=1
=

A AR AR AR

()

A A AA

ZoA ARA AL

=)

0%

9%

"
%

21

o

%
#
jd

ww mH

wmw

N

w0

wn wm wnw

nwn nH

Zowpy

‘uoryewIoy 3anq
-Sud[[H ‘[9ABIZ

Jleseq pajuawisy | ZI <08 L8L 01
TTTTTTT T TwniANnyY 4
9¥61 4 - (1oA®I3) WNIAN[[Y 1T 13
%9-02-01 | #'% STEstSeCSwmnIAnfy | TTTTTTT Tt 0e 9¢
*(2)19ARL
................... Jjeseq pajuemIa)) 08 8
1¢-11-¢ | 6%  [777TT77C wniAny 8P
(19A813
I6-61-¢ | 4°¢ 98I800) WINIAD{[Y |~~~ """ """ 0 8%
‘(oreys
pue Ag[9) uory
................... -BULI0] 3InQSUS[[H 43 8
*(104813
19-%1-¢ [ #7C 951800) WNIAN[[Y |-~~~ ¥ 8 og
IS#%1-¢ | 6°¢ op=°TT 8
18-91-¢ | 6'¢  |TTTTTTTTC WnAn[y [~ 0g 9
86-0C-1 | ¥'98 ~-T-jpeseq ewIpyex | g¢ zee |7t ¥
156-¢ |6°¢ " (1eAwid) WnAN(Y 98
I$6-¢ |99 |7TTTTTTTC wnAnj[y 9
9
‘[oAwI3
8761 4 Jreseq pojusme) {~~"T |t 89 9
£9-9 -2 $CI | TTTjreseq Bulyex | 691 8¥¢ i 8
ge-8-¢ (91 |TTTTTTTT WNIAN[[Y 8
*(pues) uoly
19-8 -¢ 0¢ -BuLro) 3mMQsudl[y | S 0L 09 91
...... op-- .
19-6 ~¢ 4 STTTTTTTTmmIAN[Y |TTTTTTTTTTTTTT 48 8
“uor}
................... -BUII0] 3MASUB[IH |~~~ "7|TT T 9
1-4-¢ {19 |70t WHIAN[Y {~=~""""|mm [ %1
19-929 | L7 op~TTTC 18 (] 9

98
81

11
0e

001
er

01

(/44

Or%
t44

001
143
0ze

iq
u@

3a
3a

ia
3a

3a
a
3a
i
a
a
3q
a
i
ia

ia
ia

ia
a
iq
rd

e
06¢ ‘T

0¥y ‘1
0s¥ ‘1

06e ‘1
08g ‘T

0¥ ‘T
029 ‘1T
0%7 ‘1
0¥ ‘1
00¥ ‘1
0¥ ‘1
09¥ ‘1
09% ‘1
028 ‘1T
019 ‘1

086 ‘T
088 ‘1

0281
096 ‘1
0041
089 ‘1

dy
av

dy
dy

dy
avy

davy
ay
dy
dy
vy
dv
ay
dy
ay
an

av
av

dy
ay
qn

‘ouy
‘SPIBYRI0 110q1H
..... Asuley ‘Y ‘O

~°TuosIog, PUB[YT
“Tle3ung WBNN M

“~z3upzgioH "H ‘0

TTTTTTTOMBL] XY
‘TiEH

~3UAI[ PUE UBLIBIA

---pueg %:so

....... INS¥T 7T D
(100498 SYIBIAL
AI9ULI0))

STUUTOTAL 193[B M.

—=-SIUUTOIN 101[B M

TTTTR[RPWYIRS L Y
paoy

-10yIny uBdQ
‘uog

PUMS N A

“TTUsiomod sewnB(
STTTHWIOSSD T Y

== - uosIB) 252

IV
R (1]

TTTENOT
“TTINOT

LYY
“TTIHOT
TTIEoT
TTE00T
TTTI00T
s
YOI
TTTUEre

e
“TTTIHS

TTTTIO8




GEOLOGY, GROUND WATER, AHTANUM VALLEY, WASH.

74

a ¥ | SyIs6e-¢ | T Y TTTTTTTTTTC L o T I g T ud | 008°T | AV "~ £e[¥o0qS 'S ‘H |~ TIET
1328 PP ;.m 0 a8 |1 N ATV e g 3a | 062*1 | AV |~-""LeiFoous Wy |-~ 1T
8% J0] wd3 0081
padund ¢dsop 3 26T
Afreuisyio 11J ¢z 03
3urA®o Aq POIIY [[OM AN N | 16686 | 971 op 8 9z 1 | 0861 | dv |Aerumorg W ‘H |-~ "sHaI
dQ g o6F dwe, a |1 S | 19-82-¢ 8¢ op I R 9 92 Iqg | ogg‘r | dv [T 0pooy) s1Q " TATT
"930% Fyg soyedui upig | 9| IS | 6 wWAnY 98 8 3@ | ogg [ dy |- puig AwmeH |---9qzi
it xa%ﬁw_%u HLIT O [1ese-g | 178 ap g ¥ o9t | 8 3a | oo | dv |~ soko dimad [—1081
eaoqe . uedpaey,,
joyFerpogeneusd | (a) AN S| 8¢-91-4 [ €7 | (JoABIS) WIAN(IV |~77777" Fee 4 9 og ig {o9g‘r | AV |- AospuUrI— |-~ "gNII
D aw | S|is-9-¢ | ¥y ------”mﬁ.umﬁmwwﬁ 08 o1 8@ |oseT|dv | pIep Aopigs |- TINTI
1 % PP aq [9A®I3) [oARIE
8 105 wds 0¢ uwmﬁmwm oI g | 0| es¥ ¥ [BsBq Jueme) [+% 9 113 9 og Iq | o6e‘T | AV |~ Czig gseuay TTRAIL
pp ‘wmd3 01¢ podmnd
‘qadep juassad )8
‘0F61 Ul q1dep 1-008
woJJ pofy pajrod
-0 f0g6T ut peddoys *(;)uon
mq paaog >=«M_:m~wwo ar | o0z L | 9% -2 01 | -emiof 3nqsueqg |~"TTTT[TTTTTT|TTTTTC li}4 06 1q | 02g°T | AV |----prem KLelarus |- edir
12)8M 20BLINS WoUM
§9108 %4¢ $9983LLT ur |1 | o] 19-91-¢ 21 (10A®18) WNIAD[Y 96 01 3 | 0881 | dv |-AUMOON enuew [---1d@il
apm | s|re-21-¢ [¢¥ |7 L4 Sl B ¥1 3giosgr|ay |7 PIep .s_w_am IO
o
a1 ¢ T TmniATy a ol a _osIur [Rlean PR
-Addins [00q0s 10§ o By v (4 1 a | oeeT|dy TWmON "H "M 724 1T
Sn:u%ammu wﬁawﬂwmmm aN - 9 [ @« eseq pejuewa) 9 101 i | oge‘r | dvV c._mw : 6V1I
[oogos g seriddng jsar | or| &L | 19~ -9 6 | wniAny - 9 0g aq | ooge'r | Ay 10LSI (00498 |-~ T"8VTT
panupuod—"g L1 "¥ “N 21 "L
§ 52| oF |eesd APl P NS R
2 2|2 28 m.m.m.mn [BLIOYRIy 8% | 8z | &g EE &g B %m.m =4
P 3 g EZ3Z| pusuopemmog | S8 | ©Z | &F 2% | <3 e |[cEB| g
syrewey E E] 8 |°°F® © A & & & | yusunog, 10 Joum oM
& @ @ ma 4 - ] 2.0 =2 L (0]
g g ¢ 5% g g 2 B e g2l &
_ g £ ° ]
dung [0AO[ 018 M (S)ouoz SULIBOQ-T1018 M = !

penuniuo)—ysopH ‘fruno) nwryn 1 Aoy WNuUDIY ul $719M 2aYLIUdSILdIL f0 SPLOIY—F WLV ],



75

BASIC DATA

*safrure] g seyddng

1 oY
dma) 1 g1 P
‘mxd3 F09¢ podumn
{sdoq Jo saos
G¢ PaBsLL A[IoULIO
*POInSBOUL
ueyM 3UIsed punoss
popuod Ia)BM POO[ I
*mW0110q 1BOU
Ppalejunodus Jynby

“requaydag pus jsn3

-8ny AIp s303 [fom

A[parodal fyjdep

1J-08 UWIOJ] POABD
a4y 0 pajroday

M 0 ‘3 £ PP

‘md3 00z pedmnd
:10po g2y Ju31s

I ‘0 ‘761 Ul d3 26

Moy pajrodar {35 091

PP ‘wd3 ¢zg pedund

‘SEH ulejuoo

0} Ppajiodal pieyd
-10 21988 8§wmb
‘dp

T {d o719 dwe) fmxd3
079 smofg  ~aamysed

JO So108 F(09 se)eILLIy

"SEH We)uo0
0 pajiodel Joje

ajenbepeut pajtodoyy
do

s‘a
u1

(BDAN

(@AN
a

w2
s

-
=
(=]

A A ARA AA

01

%

L

¥t

%

21

wk

w A wwh nwd

*(19A®i3 pue
.......... 02 | pues)(PWmARY |~TTTTTTTTTTTE 08 | @ 89
16-2-¢ | 0t [(roAB18) wmaAngv {~"T77C 1 ¥ 98 ¥
*([oaBiS pus
19-6-¢ | &1 pues) wWOiANY ST o1 09 o1
196-¢ | ¢+ #1 8
*(ouojspuses) uor)
89-F1-L i 2811 -guLIO] 3anqSus[H z8 9
‘[oABI3
J]8sBq PAIUSH
......... -90 pue WNIANIY | $1 91 |Fo0e 9 9
16-L - | sMoq [~ T opTT F9g ¢ | &% | 9-8 514
19-61-8 | SMO[ [~~~ -j[eseq eWIyBX | 8¢ ge0L | OF6 151921 | 8L0°1
1-61-¢ | 8% |77 wniAnfy |” 1 £
726-81-¢ 6¢ {~"""9IBSBQ BWINBX | 6¢ 628 (484 01 ¥8¢
15-8 S e¥ op~TTT %1 01
19-01-¢ | 6°¢ (19A€18) WNIAN[Y A 41
0961 09 |~"j[8seq pejuema() [TTTTTT|mTmTmomemm 9 128
19-01-¢ | ¥¢ |7 op - 9 11
19-32-9 | 8'I1 |~7"""~Ttwnianfiy (- <4 9 1€
- op F001
‘(¢)leARId )
19-82-¢ | 0F J1esRq pAjueme) |~ 9 1€

ia
3a

3a

3a
a

ia

1a

3a
aa
3a
Iq
Iq
1aq
1a

0191
0191

0%¢ ‘1

078 ‘1
08°‘1

081

081

dy
dv

av

av
dy

dv

ay

sy
sV
dy
dy
sy
av
sy
av

....... yeq ydesof
TTTTTTTTOYRY neg

“Tpaojleyinyg ‘Y °f
....... yeqg 931000

-~IddIaqauayg 1180

. mﬂwcw
 uoyog s g
“SIOUILM qIOUUs]

=~ -~ 10UIeIYOS HOBL
......... JUN "V
" AMIM I MIqOY
'Suo§
2 aojlog °S ‘g
TThQuaong CH CH
yon-w ) duNBpY
soxg
JO[[IWZIBMYOS

...... 103100 Aus1g

“T"CHSI
“TTIHST

B ¥ VA §

TTTIHAU
3711

B {eY)

TTTIOA4

£ 5
i (1)

TTTeqgar
“TT1gorn
TTTIVOL

CTTINST
TTTIDST
“TTGHYI

TTUTTILET

“TT1HET

603276 0—62——86



GEOLOGY, GROUND WATER, AHTANUM VALLEY, WASH.

76

11 12 0 [oABI3 a | s | 1892 0¢ |TTTTTT LU Lt | R A I %1 L1 uq | 0F0°‘T | AV |"TTT99qABIN M T |TTTUINNE
DAJUATIAD 3] LT 03 [IOS
{91enbopsur pajdodaa
‘Immumes sorpddns
s uvonazwwﬂoﬁ MEB SI| O '[eABI3
uryerddo sdwnd gjog pur | €| O | 16-L2-L 6°01 JBSBQ PajUemId) |~ 91 148 :i4 12 3 | 080‘t | dv |wmmeg fedsern (~-"--1rg
a|—"| s|me22 | o¢ |T00C WOIANY (~77=777 =7 R u | dy [ — |-
pus u.t g% 0} [oa818 e \AM 0 Aﬁ»a.-w pue %1 i @ | 0301 | AV SIAR 1HZ
ue puss ‘45 Z1 03 110§ 1d (3 S i B puss) WIAD[Y |77 Fa % | 9 1 q | dy |-==-==-==----op-----|----
T “(loABI3 34 a|oso‘T|dv op 102
0L PUe J 631 JO pue pues) uorp
SYIdep 18 Pomoy os[Y I ST L | T19-93-2 Z°'0+ | -ewxoy w.—.ﬂmwwsw%ﬁ ....... 0Le 98 9-01 q0F 1q | 0801 | dy |-zomeaqog Loyoy |- 1Az
"} 6 0} [9A8IS ‘35 8 01 -Tosuooun -foAIng
S {[[o4 UOIIBAIISAO AN |77 N | 288121 | 9°g ._w>m%>m_mmwmm< R 6 |31 6 uqg | g66 |dv | reo8opoep ‘st n [T
T A “d009 des al|s# | s|1s-1e-L | 22 pues) wniAny === 9 75 1 | 000 | AV |--WorssISIO owe |-—1d1
6861 P0Uls SUIqed 008
Ayyeurrxoxdde 1oy
I38M oI)semop paid
.Qnmnwﬂ.wu%%%wﬂoﬂ S .Q_w“.mmv uory -dure)) 10qer]
[Aorg d| 01 O} 68~ -IT | ¢'F -8W10] 3INQSUd) F 2 J—
07 0) [oA033 y + .Q«EE %vnm@ 0% 009 ggg 8-01 059 iqg | 0zo‘r | dv wie ] BWINeX TINT
pue pues 119 0 10§ a |y S| 182 -8 |7777770 DPUBS) WmIAn[y |==7""" 9 For 9 68 Iq | 000‘r | dv |-—----yoeg ' 'p [----
‘wojleq 03 9IS | (@AN |™°77 S | 19-23-L 29 op~T 0 174 8 3a | 0z0 ‘1 Q« ...... mMsbmﬂm WW m o mem
‘adny
a |7 s et | 69 |t woAny |- 1 1 ! ‘a|da o Arep |-
. a mm-- S |7t ¥ “(1PA®13) wniANY 01 €1 £¢ Xv MN hm mm!cvaw Q« -I-Swma%ﬁw.wcﬁw --.Jﬁmﬁ
w3304 03 IS a qd | 19-18-2 99 -7 (IS) wnIAn{[vy 0 98 [1]8 3q | 020‘1 | AV |~~~"10pR0aqog BS[H |~ TIOT
H ST “N 2L
=} ==l ] w] =] =3 =] m =] -3 A Ne]
% o mB on oo as fo] = o5 )m ] ocnZl o
£~ | pue uonewiog < < < < o SEE
SyIBwIOy M m m B8 g g 2 g m.. 38 M z 3 2 .W JUBUAT, 10 IPUMO | [PM
5 = a S & S s £ g=) <
: gl 8| % gE
dang [9AQ[ J078 M\ (s)ouoz 3urivaq-I9)e A = B

penunuon—ysoy ‘fAuno) vwryny ‘AappA wnuvpyy ui sjem 2a1DsaidaL fo SPL0IY—TF TIAV ],



77

BASIC DATA

1) L0}
(Jredpiey,, ‘3 9 01 108
‘3] 9°0 PP PojIodey
‘uxd3 g uBy3 ssO] P X
'3 %1 PP ‘dY ¥ 10] ad3
09z padwnd {3) 9 03 {108

1 ‘wrd3 0g popieg
T ‘D “sey Iepmby
»».—#@Em:
PP ‘wds 91 pedwng
‘Q ‘3J ¢ PP ‘wds
09z pedund :9) ¢ 03 _wom
ap

15 Z PP ‘1q
% 10] wds ggg pedwng

“TioA st)
SPISUT POIID €D oM.
"uor)B3LLI 10]
9jenbepeut pejaodey]
"1] 687 09 [0ABI3
pajuewd)  LD9
1em opisul Dol

‘posn wop[es
pajiodal 3 8 PP AU ¥
a0] wrd3 o1 pedmng

189} IIInby

"A[PEq SUIABD
312 PP I B
10] wd3 gg pedwng

‘U6
0} [0ABI3 ‘3] 9 09 [10S
‘91enbepeul pojroday

*Anep
pus swoy sefddng

‘woljoq

03 1) ¢'1 AIoAd PIJBI

-oprad 135 9 PP Iy ¥

J10] wd3 gz peduwnd
woyoq 03 10§,

y
LT
ur
ay

g
LIT

8‘a
ar
a

8‘d
ur

a

(1) AN

@D AN
g

Ly

g
()
AN

I

g

(@AN
pur ‘aq

8 ‘ux

m\m-.
%

%L

& OOD

m &

Z o OwH

oz

w0 Z O wZ

wm  nuy W

19-21-L
16-81-L
19-T1-L
1e-11-L

£9-¢ -2
19-92-6

196 ~L
19-6 L
19-05-L
19-81-L
T18-%1-L
19-81-4
19-02-4
19-92-L
19-81-L

19-81-L
16-81-L

19-L8-L
19-9%-L

29-0e-¢

9°¢

1°L
popoorg

9°L

6
8°9

*(j9A®I3 pue

311S) WNIAD[Y
TooTeTTT WANY
U .o e UL AN

(1eA®B43) WINIAN[[Y
‘(puss) uor}

-BULIO)] 3INQSUd[[F

~T(pues) wIAD[Y

....... WNIAN[[Y
*(19A®JI3 pue

DUESs) WAy

......... wniAny

B et L

*([oA®Ad pue

puss) WMANY
"(i)1eABI3

3[BSBQ pajueuIs))
‘(¢)1PABI3

wntAny

‘[9ABI3
118SBQ PoJUIUIL)
(J1ea®I3)
wniAnyy

*(pues pue
19ABI3) WNIAN[{Y
TTTTTTTT Twmmiany

*(pues pue
19A®I3) WnIANY

TTTTTTT T TunIANnY

TTTTr(Qumiangy
TTTTTTTTTwuniAn v

(A1) wmiany

g1

1
0g

1
9
ot

¥1

R

9¢
F8¥

8%
I
[it3

I
91

8
I

€1

11

g1
91

81

£1
It

ig
k2t

g1

3q
3a
3a

ia
3a

uq
3aQ
q
3a
uQq
3a

a
3a
3a
uq
3a
3a
3a
ua
3a

uq
3a

1a
uq

3a

061 ‘1
061 ‘1
081 ‘1
001 ‘1
081 ‘T

090 ‘1

dy
ay
dy

dy
avy

dy
dy
dy
dy
dy
dvy

dy
dy
dy
day
dy
ay
dy
dy
dy

ay
day

dy
dy

dy

......... [40H BAH
~1Puds M urwslueg
“g3neqyusy o3100H
..... 118M918 'H D

....... umoig [810
TTTTeuIMYRLY [pof

....... HeoD) 1D
---uoswpuy ‘g ‘H
~~ysny BIOL ‘SN
TTTTTHRMOIN LY

“OI[IAURY QOLIMBIA

“UOjBH UBA OXE[D

...... 31330 "H °f
“rexBwWeOys ‘g Y

........ S0 'H 'V

TTTuosyed plarQ

~-~I9JUs)) UBWIOH

STTTIRUIOM Cd A
3uoxys

-ULly PjoIBH

----gouslaIng A0y

..... goeda ‘D ‘H
--pBOURI0ON ‘O T

Ay Aoy

D9
TTTTIDS
I 1C L
B Act
TTTIAg

el

TTUIOR
“TTTING




GEOLOGY, GROUND WATER, AHTANUM VALLEY, WASH.

78

@ e *O0OPOO Ay
E I L = To Lo |t o] 0y | ot |
K ! 1 a | 0521 ~eqdurs) 'p M T
0110413 219 03 1108 g |84 -9 L 9 | ‘poavas) &Awwomf F6 |F 3 % M o
I S | 1e9 - I [9A nLAT{[ 6 t 4! ig (A | 0sg‘T [dy [~ PPN M L | 219
‘uapIed wmuuuaw me.a.w_ﬂ_tm Il | S |TTTTTTTTTITTTTTTTT|TTTTTTT WOAD[Y |~77777777TTT L1 4 A uq | 08z ‘T | AV |"7" " -seysy 9souay |- ,.mM‘Ho
¥ 10] wd3 00z pedwng Ah%n-w 2| L | 1994 ¥y Y 9 g 11 09 11 3a | o)1 | dv |- JOAT, KOy [~ I319
sA%D ¥ ON 777 &L | 186 L 0°C R S e e 09 z1 3 jove‘r | dv |"""wemng 9 L 7T ZH9
10} md3 &u@«%@ﬁmﬂ%ﬁ%ﬂaﬁ LS (% S | 196 -4 98 R ¢ A I A 09 91 3q | 0¥z‘1 | AV [""UOjsOM "W [108) [~ "1H9
dure) 19) 2 0§ 1108 1
£6'F va.m.Eo: _.umm%m
10} wda Fooy pedung I el L | 196 L ] TTTTTTTTTTTTopTTTTT +6 P 9¢ g1 8a | o9z | dv |- -op=- -
9] %421 pp ‘wd3 v .ﬂowﬂwm ¢o9
091 podwrnd :33 ¢ 03 o8 ON 777 N 1864 | 8¢ TTODTTN4ur | g T 98 ¥ Sa | o1 | dv “H Aopop |--—1D9
3 i _ R *SI19190Y JON
o a WM M 168 L | L7L ([0A®IS) WA {~~~7777|" 77T 1 81 11 sa | oz | av Meqry |- 349
% |8
condds
-oreM 1ny sorddng pur| r|olee-z | s8¢ |- wAny |- L 2 3 1| ay [--o B[O |-~
*10JINDE 9A0QE [9A (4 J0A®[ 6 a | 0T | dv 0 g usserd TH9
-813 POIUSUIA) SUWIOS puss) [(9ABI3
vﬁm.sonomuwm% mwuwmom a % | 8|6 -1 ¥ J[8SBQ PAIWOWOD |~~"""""~"" """ ¢ |t 62 S | 0621 | AV |"-sieqoy seprey) |- 19
SUrIBAQ-199BM OUHOS “(sI0AB[
YA [9ABIS POjUIWL pues) [9ABI3
-30 Apjsowr pejeljeusg a| vy e Jes8q pRUOWOY |~ 89 9 08 almwsTl|an [ [REVERADS (0" B et 1
‘wda g1 *(19A®I3 pue
189} I9[18(q {3] F¥ 03 [108 ON |77 N | 18-21-L z9 pues) wnlAn[y |461 |F¥ 44 9 =4 ia | gozr |dv | 98100 SINOT |~~""6INS
ponunuo)y—'g 81 ¥ “N 2I "L
a o3 =} o} =] o} =} o} ) A=
i3 =] ] o Qu® oo —~ m.. —~e — m P-4 ~a < oe ” =]
s |2|%] 3% |EEEE| ouwowm g5 |82 | %2 | 58 | 82| ¢ |§EE| 3
) k] =] m 825 pus uopemiog &g et | e | B3 &F ° SFE| 8
Syrewoy s 2 g |°°g® ] 8 R 2 z 22| & | jueuey, J0 soumg | 1AM
5 3 7 g2 g g o 2 3 gz| &
5 a 3 2 3 & 25|«
_ =l 31| B E2
dung [9A9[ 1B M (8)ouo0z 3uUlIBoq-I19)8 M = = '

ponunuo)—ysvy ‘figuno) vy ‘Aapn g wnuviyy ur spam 20uwUasaLdas fo spLoId—F TIEV ],



79

BASIC DATA

*dD ‘d 019 dumey,
‘pajnprod
pojrodar 18

“qydep

oa1pus 10y ,uedpuiey,,

JO slokey g 10

1 pue puss pejesjeusd

7 ‘dD ) Feb pp
‘md3 FF0g pedurnd

‘oanjsed pus Alesinu

10O s910% (g S9983LLIT
T

2% pp ‘wd3 g8 paduing

‘17901
110 £ 61 PP ‘Iy 4%
10y wid3 gz pedwing

dp ‘a

0%¢ duie} ‘wid3 Fog1

sduind {9307 03 T10S

‘daop 9] 02 AfleuisLiQ
"1 0%¢ 01

19A%813 poJUSWod (1§

01T PP ‘sinoqg Je1oAss
10j wd3 08z paduwind

+A118U01sBI00

MOy Aeul ‘sioux

-uns A1p 3urnp
$3.10% 0% S9)831IIT

3] FLg 03 [oABI3

PojuelIad ‘4 5467 03
[9A®I3 ‘1] 34¢ 09 108
‘9108 1 soyesiuy

*BJ[BH®8 JO

saJoe . pue smjsed
JO s810%8 Z1 So)83LIIT

“JoJinbe

2A0qe s194%[ , ued

-prey,, ¢ pejesyauad
{ser[ure] g seriddng

‘pam
-S8oWI UegM Jurdung

(@AN

ux

[a]a]

2y

ax

(un) AN

LIT

R

[,

Ok

w2

ww

0g- 01 02
1¢-G1-L | T'%
1¢-81-2| 98
1¢-11-2| 08
.......... 41
16-81-L | €%
-1 -9 ¥'8
162 -9 ¢9
6-1-9 1 69
1g-g1-¢ | ¢°
19¢-9( 97
1Sc-9| ¥
e-T1-2 [ 6%
1-11-4 | 672
16-11-2 QL

*(1eA®a3 pue
pues) (;)jeALi3
J[Bseq PojusuIa))

‘(pues) oy
-8urI10] 3qsud[[d
T (Gwntangy

*(puss) oy
“-BUIL10] 3anqsus[{qd
......... WInIAN Y

op~~"7"
‘(pues) uor}
-8u110§ 3.mqsudd

+z

F86

T O]

~([eA®I3) WINIAN[{Y

‘(puses) uoly
-BULI0] SINGSUL[[H

~(19A%18) WINIAN[[V
............. op~---

~(19A®a3) WnAN vy

~({9A®IZ) WINIADTY

B R et

+6

+01

01

(49

9¢

[4¢
[1)§

(42

58«

98

€01
s

g€9
001

91

<1

298

1

¥I

12

49

a
3a

ia
3a

ia
3a

a
1a
3a

3a

3a

1a

aa
3a

3a

Ia

3a

08T ‘1
0811
092 ‘1

092 ‘1

sY
dy

ay
av

dv
dv

dv
dv
dv

dv

avy

dq

dy
dav

av

dv

dv

“~Apeey "Q 198 M
TTTTwepy weliim

....... GOSPA °f °d
...... GOSIIA SO

...... YOSI9A SINOT
...... 20N SOERQ

“=TTUOMOTN [34XBD)
“"~IOPUOJAl UOWIOA

‘Tednop
Lo, ‘SIN

~-syusqued ‘g 'H

..... WiHuy MV
~19pAug

-~-{000pP00 A} JUSH)

...... -wefog 13194

---a8BABg ‘X poig

R VA

TTTTedY

TTTTeyY



GEOLOGY, GROUND WATER, AHTANUM VALLEY, WASH.

80

* (3)uorjBuLIOy

al@#try |t .Gwﬁww%mm .............. Fozz | ¢ 44 IA | OPIT | SV |77 :&.wmmﬂ_mwma A
o0 .MO s‘a % 2 I ~BULI0} 3MASTIT |+8 09 q¢ 9 cL Ia | 01T | sV ueuLnyy, (TTTHET
"09s
ul , A19A0091 [[N},,
43 ¢1 PP ‘1Y T 1o}
wd3 og1 paduing
*}J G¥Z 0} [9A®IS ‘(pues) uoly
voaﬂoﬁo% .w&w m«w oownm%w uy gl L 05~ -¢ e -BULIO} Banqsud[[y |~ 6¥e 44 8 ¢4 1q | o1t 't | dv |"TeyBwM) ALreH |TTTTI0ZT
0y I
001 1UaUI,, ‘(i)10ARI3
Jodog, "1J 09 03 3nq a |% £ 1e-1g-L | 9°99 a_@m,aﬂw%%qumwﬂo .............. 08 9 21 |3 ‘8 | 0611 | SV |~ ddeg "M 'V |77 TILIT
10 ‘paego oE.A (@ S I I R 4oy 14 g01 | -eunto} 3nqsus[y |+e 081 <91 9 €81 Iq | ¢81°T | SV |~""3anqjsem palg |~ ZHATI
* - X
$3108 § 39983111 pug
sarfruuey ¢ sarjddns
17 ¢g pp ‘wid3 9g *([oa®a3
Ppaduind ‘) ¢8 [9A3] pue pues) uolj}
1ea qidop ﬁwhﬁ v mal ¢f L 966 8 -BULIOJ 3INQSUI (Y | 8 4174 161 ¢ £1C 1A | OLT'T | SV |7~ Ioureayog A.—mw.m TTTIEIT
“A1rep ;
puesowoy g sorddng | Pul‘d |¥ | 4| 19-L-L| 901 |7 WAV |~ 7T 9 L1 3a | 00r‘r | AV | ‘(e8NOCOW 1Y |TTUIAII
.MONOEO&PP
9SYOIB I
3 ejsogeq
(@ AE,VH Tl & | 1808 | 9°¢9  |TTTTTTTTTTTTTTTTTTTom e mm e 9 001 I | 00T | sy U0SI9ISBIN |~ THOT
LT
8 AN 011 O 16-81-L | 8'¢T |77TTTTTC7C LLLOIEN ) 1 /0 i T 96 ¥e 3@ | ogrr | sV TR op~~ " B qei)s
1 89—
PajeI0)ed Suised ‘(4eo
‘I9JINDE. 0A0QB Apues) uor}
[9A®BI3 pajusUIa) ug | o1 &L | 19-81-4 | 6°G1 ~BULIOJ 3INQSUB[[Y |~~~ "~ [T 89 8 00€ Ia | 0sTr | sV |77 WOSHILIY [9XV |~ 10T
panupuo)—y 81 "¥ “N 2L "L
= el I jw} jw) ] jw) jw] g jw) -3 Bl 2
@ (=} « oo an ue \Jm —_ —~ o =5 <] < —~w m =]
s |E|%| &°F mmmm Terte o | €2 | 22| BB | 82| ® |Z5Z|3
= g g B m 27| pue woysuLiog g | e3 | =2 ga | &3 e, cEal b
SYIBWOY = E 2 = .m.ww 2 S = as M s cel 2 JuBUL,L, 10 UMQ | [PM
g = _ aT 3 ) m, g = 2E| <
£ & Be
dung 19A9] 1978 (S)ou0z 3ULIBA(-10)B M =

penunuo)—ysv gy ‘Aunoy vwryn{ ‘fis)p A wnuvyy ul Spom 2a1pjussaLdaL fo spL0RY—% TILV],



81

BASIC DATA

)] 6-L DINO[S
3uised {uspield
pUB umg[ se)edLIy LT (% 19-52-9 | ¥ (;ea®a8) mmrAn[y |~ n 6 g L 3a | oes | dy |- 1003 "D "N |- V9
*rp ‘wmdd 1g sseupley
‘e’ Hd pajaodal
‘wxd3 o6 3urdurnd
13 g2 pp parlod *(j9A®I8 pue
-a1 ‘0ggY ‘wd3 pues) (9813 *dep
9 Supsoy pajtodey sd | oF TG-01-01 | SMOLY | 9ieseq pejuewa) | PLI | L81 | 0L | 2I oLe g s |4y uorun jo AN |- ING
oy f19juIM ul
pd3 000261 Arereur
-1xoxdde spiaif
CING 10 TING [[P4
941N ) 08 PP
‘wd3 094 cwnﬁmmrm 8d | 0¢ L¥01-L (1) S (4] Sl I i 861 | 0131 | L12 iq | ogs | Ay [ op~-" -T2 NG
1
dumy 95 96 PP
‘wd3 gy pedwnd
ZING [[9M )M ‘[oa®Id “dep)
Sudwnd ayetioNy Sd | 08 69-G5-L o1 eseq PARUIWDY (77T T [+1 ¢4 0121 | 912 iq (o8 | dv uortun Jo ARD |~"UTING
‘pajeaoiIed “(4)19a8I13
£1qeqoad Suse) afle|da| 06 | Meseq poyusmLy || gL 9 gL iq|oss |dy [ op=—-— |- 249
‘sAeMydiy Jo
“1daq ‘uopdur
17 ey d 7T 9 [Tt op-TTT 92 9 92 adq | 086 davy “USBM JO 8IS [T Tad9
‘U I PP
‘aq 1 10} wds $O1
podwnd {asnoygalem
938107s {09 10§
juatadinba uory
-e1e3Lyyau set[ddng pur | ¢ oF-¢ L 9 -(foa®a3) wnIAnQ Y |~-77T|"mmTms 89 9 89 iq | ose | dv |----eoseq m 'a T ZH9
"POINSBOW UM “(1oa®I3
suidwnd ‘siomoy puse puss)
bue ume[ seyedLu] a1 (% 19-229 | €°¢ WAR{Y |~7TTT| T T 98 8 Sq | 086 | AV |~~"-[910Iq ®SBD B |V 199
A6 AN L
*(3)10A813
-Aep 1 _.MO a | 19-82-¢ | €6 Meseq PARUBWBY |77 T T 9 8% aq | oogq | dy |- wog, AW |~ 18T
P[P A[pojaodal
‘93 69 0) BU0JS
-pues ‘)J g 03 1108 *(3u0)spuss) uory
‘doap 95 g9 A[rewIdo s‘a % 1¢-e1-£ | ¢4y | -euo 3mqsuony I4¢ 109 99 ¥ 09 aq loggT | sy I=-777 uas[O T "9 17T




GEOLOGY, GROUND WATER, AHTANUM VALLEY, WASH.

82

(ouo)spues) 4 0921
(euojspues) ("7 0321
1 9961
ur wd3 0g pemoy
‘g161 W urd3 g0g
pomoy 1 3921 18
‘fwd3 Z11 gBmw *(eniq ‘ouo)s
11 0621 98 ‘mx -pues) uopjsur s ‘SpABYAIQ
$1 POMOY 1) €281V L5 S i e -5 A e+ -10j dInqsualy | 09 €8 | 2o | -%401 | 2921 i | 091t | AV wopduo) |~1718%
AST'ACNEIL
1 ‘Aryuejjrurieur 01 "00) uwrnag
SMOP (Tlom w_mou mo AN |77 N | 19-L -8 g’ TTTTrRSRQ BULYBX |TTTTTTU|TTTTTUC SHOT | 3131 008¢ g | 096 dx -0I39J OUAVOIIN |~ TIDLT
“JuB[
Furyoed jeeur 10}
I9)8M UOT)BI31AJOT
sarfddns {painseemn
nan?.w%wmﬂﬂm pur | 2| D | 1988 | 9 “(toa®ag) wmiAn[y |~ [T 6¢ 9 8¢ i | o001 | dy | op----- )
‘Iy g 10] wd3 g6
padwnd {yeem 1od
Iq 0¥ jueld Jut ‘(6)10ABI3 ‘0D
-yoed jeew serfddng pur | 01 | JX| L6101 ¥ J18seq pojuemwre) |~------{------- g8 8 o8 Iq {000 |dy | Smwed H® H |-TIN9
dp txg S| 8| 16819 | 1T SIS umpAny |7t T 238 9 ad | 000°7 | Ay [T (2 zq9
Tur :hugovﬁ
Iy, ‘¢H PP ‘g g
10} wd3 ¢ padwund
‘33 01 03 . ued (puss)
-preq,, ‘) L 03 [108 afs | s|i1s-e-5 1¢ (Qumanty (+gF  [For 44 ¥ 08 aq [ 000¢T | Ay |70 9SO[0) oWy |~ 139
ponuuoy—-q 61 "¥ “N 2I°L
] ool g g = vl v} g o) ] [ =]
1] 1<) =] S =R} oy m —~ao —e o —~a ] on m =]
S R vt | —— B |E2 | B2 | BB |BL| % |EEE|
g g3z UB TOTIRULIO, 5 1 e cF | ga | eF ° cEE g
g 2 & m L P : d & g ° s ° = 133
SHIBWOY S E] 8 —P o @ °© - ®g 53 P o | B | jueusy, 1o JoumQ 1eMm
g [ 1 28 g ] ° 9 s as| B
= a 3 4 [ o = ]
: g1 & = £
n =
dung [9A9] J03B M (s)euoz 3uLreaq-I9)8 M = B

penunuo)—ysvy ‘Auno) pwiyp g ‘Ao wnuviyy ul spam 2aupussasdas fo spiordly—§ TIAv ],



83

BASIC DATA

*uoryB3LLI 10§
91enbopseu] pojiodsy

‘sowroy 8¢ Ajddns
TINTe-61/€1 [[o4 DUB
1194 sy} _wsuoa
-0l '3] %€ PP ‘A[sno
-nuijuco Smdmng
*sotfoae] ¢ serjddng

‘ume] od1e] seyelLuI]
1 9J L1 0 PP ‘I €
10] wxd3 o¢¢ padung

*3] ¥ Jnoge pp ‘Iq

¥ 10 wd3 0z1 pedwung
") 81

Pp ‘md3 g/z padung
1 ‘) 8 PP ‘md3 63
podmnd ‘pepdsoy

pue jooyos serjddng

‘mds8 po1 padmmng
‘316 03 108

108 PP ‘10§
10j md3 oog pedung
L
Pp ‘mds gog padung
CIORE 6524
dmoy {31 8 Pp ‘Iq¥
10j vads 001 padwng
‘TloM
1019831y A[IOULIO

‘sowxoy ¢ soyddng

"do08 duxey
“1061 [11dy ul mrds gge
POMOY ©3 092°] JNOQ8
18 pojerjouad jreseq

aE E n

ay

isul

a1

171

uy

ur‘a

ar‘a

%

H O @0 w m w0 wnZ

®0 ©

19-% -8
19-% -8
19-C -8

1¢-¢ -8
19-¢ -8

15-¢ -8

19-9 —¢1
1¢-2 -8

1¢-9 21
16-9 -¢1

8681- -8

we -
=S
-

-
=1

69
L1
(]
¥
6V

01
8°6

91
031

v+

*([oABI3 puv
puss) (;)19Avid

jreseq pay 0
......... WNIAN Y

-([oA®13) TIMIADY

*([oA®I3 pus
puss) wnjAny
e

*($)eAB13
118s8q PoJUIa)

*(10A8I3 pus
puss) ANy
......... wnian[y

- (19A®818) WNIAD[| YV
*(19ABI3
pue puss) uor}
-BULIOf 3INqsud|[y
(foABI3 pug
pues) WNIAN YV
—([9ABI3) WINJAN[Y
*(1oABad
pu® puss) uo}
-8wLI0j 3Inqsus[|d

R

~(10a®18) wnfan[y
......... wnADY

(A

Q¢

F¥

*($)uon
-guLIo] amqsusiiy

*((9u0)spuss)
*(Jouo)spuss)
‘uopy

-8uLIoj danqsue[|d

8 8 ®8 » @

g'e-9

91

&R

69

L1
o1

L1
ST

€19

¥e

Le1
A S

68
292

q
3aq

ua
a
1a
1a

3q
a

3a
3a

qa
iq
1a
qa
aa

uq‘da

iq
a

1a

a

0811
0LT‘1
091 ‘T
01
oL
08T ‘T
061 ‘1
035 ‘1
061 °1

081 ‘1

dy
dy

d

av
av
dy

dy
av

dy
dy

dy
dy
dy
dy
ay

dy

d
ay

dy

dy

-300[

-[0d “H $8UIOY,
-~ Ieuffapy QLY
it + (0279 ¢ qH°1°4d

“weyIorHoNW ‘d “H
“PaBppop) yleuusyy
‘A10
-JojeH ysig uo
~-duiyse | JO 981y
*301A 108
SWALL SHIVOIN

-uosresq ‘v 188pg
S-S pIOIMBID [ W

..... 805509 " "D
||||||| MoI) "H g

“100qog
8)e3g Jorurey

...... SIQO 101017
............. op AL

-ememm--c----gp----

..... 1EMS 'H D

- - -sseH puowABy

~===----pmz8H g
..... uosuyof (NeJ
"8IS

=" uosfI M 08100p

“TTgd e

B & 84
TTUrrge

TTIINPE
TTTTILYE

TTTINEE
TTTINEE

TTTINEE
TTTroree
TTTVIER
I 824
TTeIee

TTTTISE

L 541
I 14

TTTTLTE

(] 4



GEOLOGY, GROUND WATER, AHTANUM VALLEY, WASH.

84

‘paes JORIBIN
Jequin| freuls selfddng 4Tl | 8 R e op (44 9 k4 iq | 0001 | AV RqunT sI8eg |~ VINGE
‘Auedwos
juomdinbo wrIg} pus
Arpunoj jjeurs solfd ‘0D
-dns uﬁc:onns —?Mc pur‘al 1| ol 1e-9 -8 gy | (4 i Il I FIy 9 v IQ | G00°T { AV | Surse)d opeass) |~ eINZE
dp 'y .
Pp ‘mds p9¢ pedmnd
:Auedwoo uised
pue ‘Aueduiod
1y31eyy 0gne ‘gueid ‘[9ARIS ‘00 sonpoig
Supyoed ymy soddng | pur‘a| ¢ | o | 41 21 ¥ 18sBq PajuUdmey (=TT 78 8 921 g {g00‘1 | AV % NNy Aeulog |~ ZINGE
*r1 493 02 PP ‘nd3 F¢p *(o7eys pue *uory
pedwind ‘Surpfing puss) (j)[eaB13 ~RII0SSY QAIlB
soygo rews sorpddng pur (34 g | 19-9%-9 L€ Jreseq pajueme) (46 1€ 8¢ 9 (114 ag § 00T | AV -10doo) emaiyex |~ TINZE
s‘a s S | 19-18-L 0°g ~(foA®13) WmIAN[Y |~=T7TTT(TTTTTTT 68 9 9e Iq | 066 dy [“~Aome yoleperd {~ " 17Ise
‘souroy
8¢ A1ddns g r9g-81/€1
119 U [[oA SIY)
Arpejaodaa {paimn *(19A®13 pue
-seoul uoya Surdung Sd| ¢| O | 19-1¢-L g0t pues) wnlAnjfy 9 (114 1q | g201 | AV .Eoﬂcaou@ ‘d'H |TTTINIE
* 10D
PUL| & | | T1¢-9 21 LG |TTTTTTTTTTToTopTTTTTTTTTT T 8¢ 9 82 i | 0101 | AV | reorwey) eIedeIN |™EMIE
‘p1eyo10
10} 19)em Avids 1|10
pus suroy 1 mewaasm pul ‘ xn S | 18-1¢-L (U S Do i R Fo¢e i 3 | ¢10°1 | dv |~seawidreq #3100p [~~-2I I
“paIn o)
-Seown oy m Smdwmng | ML‘Q % | S| 19-18-2 21 -ao%m,wﬂmwwww«« .............. +¢  |0¥eX0s1| & sq | o0t | dv | 1008 " °f | TIMIE
“(I
T .% puEs) (;)[eABI3 ‘0p Arddng
‘surcorgsea soffddng puf |""77r N | 18-1€-L (14 J18sBq pajuenma) |~ STl 8 9 8 1q | ¢10‘7T | AV | siowreq Bwyex |""TUILIE
d 61 M "N SI°L
=] -] o} =l = [w] v} g =) H A=)
13 =) =0 [=3°} =k —® ~& —r =8 4 = m <
2 1g|8| &5 |EEEs B |82 | B2 | 85 | B2 | § |%EE| 2
T |3 g |gEdZ TeLOIE I eglez|ef |l B2 | SF | o |SEE| S
syIgwIoy 8 £ g |=° E ¢ | pue uclyeuliog 2 ol IR X = P wu D, | JueuR, Jo BBUMO | [PM
g = . 2= gl B| 2| &1 & | g5 <
g £ P = = m
dung [04A8] T9J8 M\ (s)auoz 3uLIeaq-107e M = '

ponunuo)—ysoy ‘firuno) pwiyp { ‘fia)w 4 wnuolyy ul sjom 243wjudssudal fo spLoroy—F

gy,



85

BASIC DATA

‘JuBINg)
-s91 |[BWS DU® UOI}

"uo1BIg
-8)s so1AI0s serfddng a |% s|le—- -8 - J op~T T T 34 9 Ly iq | 066 dy [1Q woru) S|’y (7772438

‘3urpping ‘stog B
yo [Bws soddng alg | sy ()l Il 9F |9 oF 1q | 066 | dv | wopstwpd ‘d ‘M |TTTT1dGE

Ui O
T S %

Pp ‘mad3 og Uv&.ﬂs\m “1nog

moo omme - sonddng a s 2 L R op~TT +€1 43 i 4 47 1q | 000°1 | dv | onv uoomAsuoy | --¢INTE



86  GEOLOGY, GROUND WATER, AHTANUM VALLEY, WASH.

TasLE 5.—Materials penetrated by representative wells in the Ahtanum Valley

Most of the information in this table was obtained from records made by well drillers at the time the wells
were constructed, although some information was supplied from memory by drillers and well owners,
A few of the wells were visited during construction, and samples were examined by the writer. The rec-
ords were edited for consistency of terminology and presentation and for conformance with the strati-
graphlc units described in the text but were not changed otherwise. For the purpose of clarity, the
writer’s interpretations have been added in parentheses after some of the drillers’designations.

Thick- | Depth Thick- | Depth
Materials ness (feet) Materials R ness (feet)
(feet) (feet)
12/15-13R1

[William Mondor. About 1 mile southwest of Tampico, Altitude about 2,180 ft. Drilled by N. C. Jann-
sen, 1939. Casing, 16-in to 50 ft]

Alluvium: Ellensburg formation (unamed
Gravel, large.._._..._.._.__._. 9 9 member):
Cemented basalt gravel: Clay, YeloW.om oo 38 178
Gravel cemented, and boul- Yaklm ﬁasalt
AerS- s ecmec e 43 5211  Basalt. oo 20 198
Yakima basalt (Wenas? basalt “Rock ’”” brown (basalt). 5 203
member): 45 248
Basalt, porous and broken-..- 30 82 9 257
Basalt, hard.___________ 5 87 Basalt, broken 23 280
BasaIt broken 53 140 Basalt, hard._________________ 49 329

12/16-8H1

[Vernon Mondor. About 1 mile northeast of Tampico. Altitude about2,250ft. Drilled by N. C. Jannsen,
1926. Casing, 10-in to 200 ft, 8-in to 380 ft; no perforations]

Yakima basalt: Yakima basalt—continued
Basalt.. 300 300 £:1:5:1 | . 60 380
Shale, blu 20 320
12/16-13D1

[Herke Bros. About 6 miles west-southwest of Wiley. Altitude about 1,800 ft. Drilled by Oscar Boehler.
Casing, 14-in to 27 ft]

Alluvium: Yakima basalt (Wenas? basalt
L | 17 17 member):
Boulders. .. - oo 2 19 Basalt, black_ ... 111 130
Basalt, black, water-bearing. - 10 140
Basalt, black___.__________.__ 6 146
12/16-15F1

{Arthur Hanses, About 2.5 miles east of Tampico. Altitude about 1,900 ft. Drilled by A. A. Durand,
1945. Casing, 10-in to 71 ft, 6-in to 278 ft]

703 | 5 5 Yakima hasalt—Contmued
Yakima basalt (Wenas? basalt | | || Basalteo. ... 15 331
member): Sandstone(?) ................. 25 356
“Rock” (basalt)............__ 18 23 Basalt ... __ 55 411
Basalt, broken. 12 35 Basalt, water-bearing..._.____ 1 412
Basalt, sod___.._____.__..____ 6 41 Basalt, hard___.._______.____. 14 426
Basalt, broken, water-bearing _| 21 62 “Good water-bearing forma-
Basaltooo oo 8 70 tion” (basalt?) 6 432
Basalt, water-bearing_ .. 11 81 Basalt___.._.._.__ 20 452
Basalt ..o ... 93 174 Basalt, creviced 8 460
Basalt, with some clay...._.. 19 193 Basalt, water-bearing.._______ 13 473
Ellensburg formation (unnamed : BaSAlt oo 12 485
member): Basalt, hard, black._.________ 49 534
Clay and sandstone._......_. 77 270 “Granite” (basalt?)._.__..._. 1 535
Yakima basalt: Basalt, hard, black.._._.._.__ 9 544
““Rock” (basalt?)............_ 15 285
Basalt, hard_________._____.__ 31 316
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Valley—Continued

. Thick- | Depth Thick- | Depth
Materials ness (feet) Materials ness | (feet)
(feet) (feet)
12/16-18B4

[Frank Mayfield. Tampico.

Altitude about 2,116 ft. Drilled by N. C. Jannsen. Casing, 8-in.]

Alluvium: Cemented basalt gravel—Con.
Boulders........._.___.._.__ 9 Clay, sandy 21 114
Boulders and gravel.__...____ 41 50 Clay and boulders 41 155

Cemented basalt gravel: Clay and sand.._. 1 166
QGravel, cemented...._....__.. 10 60 Clay and boulders.......____. 30 196
Clay and boulders..__......__ 33 93

12/16-18C1

[Garrison and Hazen. About 0.5 mile west of Tampico. Altitude about 2,200 ft. Drilled by A.
Durand, 1945, Casing, 14-in to 80 ft, 10-in to 250 ft, 7-in to 287 ft. Perforated from 165 ft to 287 ft]

Alluvium and cemented basalt Yakima basalt (Wenas? basalt
gravel, undifferentiated: member)—Continued
Boulders..._..o...._ 17 17 Basalt, black. 10 137
Boulders and gravel. 3 20 Basalt broken 23 160
Rock  (cemented Basalt..._.. 29 189
gravel?) . 3 23 || Ellensburg form
Boulders co-.coccoooeoaaos 18 41 member):
Boulders and cemented ba- Clay.-. 21 210
salt gravel.__ 16 57 || Yakima basalt:
Basalf (gravel? 13 70 Basalt, broken, wam-beanng_ 11 221
Boulders--.._.-. 7 77 Basalt, solid 15 236
Bouldersand clay._.......... 20 97 1| Basalt, broken.. 27 263
Yakima basalt (Wenas? basalt Basa.lt, brok 5 268
member): Basalt, solid.__._.____ 19 287
Basalt, brown, broken..._____ 30 127
12/16-18G1

[Frank A. Mondor, About 0.25 mile south of Tampico. Altitude about 2,107 {t. Drilled by N. C.
Jannsen, 1926, Casing, 12-in to 40 {t, perforated from 20 ft to 40 ft]

Alluvium:
Sand and gravel.._.____.__.___
Cemented basalt gravel(?):
Gravel, cemented, and
boulders..___.._..._...._.
Clay, blue, and gravel __.___.
Clay, brown, boulders and
gravel ... __
Clay and cemented gravel.__.
Gravel, cemented...._....___.
Clay, cemented gravel, and
boulders
Gravel, cemented.._.._..._...
Gravel cemented, and “hard-
pan

Cemented basalt gravel—Con.
37 37 Gravel, cemented, and

boulders_. .. oo 8 234

) ), 3 237

74 111 QGravel, cemented... 10 247

20 131 [0 -\ 2, 6 253

Gravel, cemented..... 14 267

8 139 Sand and hardpan.. 6 273

10 149 (}ravel cemented.____ 97 370

54 23] Clay- . comeiaaeaas 7 377

Clay, blue.....-.. 4 381

8 211 Gravel, cemented...._._...... 3 384
7 218
8 226
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TABLE 5.—Materials penetrated by representative wells in the Ahtanum
Valley—Continued

Thick- | Depth Thick- | Depth
Materials ness - | (feet) Materials ness (feet)
(feet) (feet)
12/16-18K1

[Herke Bros. About0.5milesouthof Tampico. Altitude about 2,110 ft. Drilled by A. A. Durand, 1946.
Casing. 8-in to 55 ft, 636-in from 59 ft to 208 ft, 5-in from 170 to 315 ft; perforations from 162 ft to 164 tt,
from 166 1t to 170 ft, from 200 ft to 204 ft, and from 208 ft to 315 ft]

Alluvium and cemented basalt Yakima bhasalt (Wenas? basalt
gravel(?), undifferentiated: member) :—Continued
Soil and gravel...____..._._.. 35 35 Sandstone (basalt?)_ ..._...... 13 249
Sand, brown, and black, “Rock,”” brown (basalt?)._.__ 14 263
coarse 14 49 || Ellenshurg formation (unnamed
Shale, blue___.____ 17 66 member?):
“Slaterock’ .. ._._._ 9 75 Clay, brown, and sandstone._ 23 286
Gravel and “rock”. . 18 93 Clay, blge e ooceccace 7 293
Shale, blue. .. --o oo 16 109 || Yakima basalt:
Yakima basalt (Wenas? basalt “Rock’ (basalt?)___._._..___. 2 295
member): Boulders (basalt) ... 25 320
Basalt, hard, gray__..________ 23 132 Basalt, hard black . 8 328
Shale. oo 7 139 Sand, black 1 329
“‘Shaley rock” (basalt?). 25 164 Basalt, brown, and soap-
Basalt, brown._______________. 14 178 stone 9 338
Clay, brown, and sandstone._ 24 202 Basalt, brown._____..__.__.__. 5 343
Basalt, gray ..o _ 34 236
12/17-1G2

[B. E. Snelling. About 0.5 mile west of Ahtanum, Altitude about 1,280 i{t. Drilled by F. Riebe &
W. G. Ludwig. Casing, 6-in to 60 ft, 5-in to 200 ft)

Cemented basalt gravel and Cemented basalt gravel and
Ellensburg(?) formation undif- Ellensburg(?) formation undif-
ferentiated: ferentiated:—Continued
Cemented gravel . .._____...__ 80 80 Clay with some “rock”.__..__|......_. 197
ClaY o oo 20 100 Sand, coarse, water-bearing.._ 3 200
Sand. e e
12/17-5B1

[E. L. Lenington. About 3.5 miles west-northwest of Wiley, in Cottonwood Canyon. Altitude about
1,560 ft. Drilled by F. Riebe. Casing, 6-in to 77 ft]

Alluvium and cemented basalt Ellensburg formation:
gravel, undifferentiated: Clay, brown, pumiceous....... 122 160
Gravel, river and cement.____ 38 38 Sand . . oeeieieaeooe 10 170
12/17-6F2

[R. F. Morozzo. About 5 miles west of Wiley, in Cottonwood Canyon. Altitude about 1,680 ft. Drilled
by Oscar Boehler, 1950, Casing, 6-in to 44 ft]

Ellensburg formation: Yakima basalt (Wenas? basalt
lay, blue, sandy_ .. ___._____ 30 30 member):
Sand.............__. 2 32 Gravel, coarse, black. ... ___|._.ooo|eamos
Clay and sand 108 140
Sandstone....-.._.._.. 10 150
Clay and sand 9 159
12/17-8K1

[Merle Carson. About 3.5 miles west of Wiley. Altitude about 1,570 feet. Drilled by N. C. Jannsen.
Casing, 6-in to 60 {t]

Alluvium: Yakima basalt:

Gravel, surface.._.._.._..___. 20 20 Basalt oo eics 5 100
Ellensburg formation:

Clay, blue...o...__.._.____.__ 55 75

Sand, water-bearing. .._..____ 20 95
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Thick- | Depth Thick- | Depth
Materials ness (feet) Materials ness | (feet)
(feet) (feet)
12/17-8R3

[James Bowers. About 3.5 miles west-southwest of Wiley. Altitude about 1,550 ft,

and Huber, 1953. Casing, 8-in to 245 ft, open end, no perforations]

Drilled by Boehler

Alluvium: Yakima basalt:
Soile oo . 2 2 Basalt, black (flow started at
Gravel, river. . ._..___.._.._.. 9 11 248 ft, increasing to 290 ft) 60 300
Cemented basalt gravel: Basalt, black (lost flow at 400£t)_ 100 400
Gravel, cemented_._..__._..__ 9 20 Crevice (cuttings washing
Ellensburg formation: | [ | aWay).ocecoeeceeoieeaoo 7 407
31 220 240 Basalt black. Lo 3 410
12/17-933

[Walter McInnis, (formerly Marks School).
t. Drilled by Hughett.

About 2 miles west-southwest of Wiley, Altitude about 1,470

Casing, 4.25-in]

Alluvium and cemented basalt Ellensburg formation—Con,
gravel, undifferentiated: andstone. - ..o ______. 100 345
Soil 12 12 Clay, yellow. 60 405
8 20 Clay, blue... ... 20 425
10 30 Yaklma basalt:
Gravel, cemented 7 100 || Basalto oo 5 430
Ellensburg formation: “Rock” (basalt), water-bear-
C 30 1830 || Mg eao e 23 453
10 140 C ......................... 6 459
25 165 “Rock” (basalt), black.___... 45 504
20 185 “Rock” (basalt), gray.___.-._ 18 522
25 210 “Rock” (basalt), water-bear-
10 220 Ing. el 53 575
25 245
12/17-10C2

[Claude Ekland. About 1.5 miles west of Wiley, Altitude about 1,420 ft.
Drilling suspended, yield inadequate.

Casing, 8-in to 33 ft]

Drilled by F. Reibe, 1952.

STl e e e 5 5 || Ellensburg formation:
Cemented basalt gravel: Clay, sticky, gray.--ccccoooun 381 415
Gravel, cemented, and boul- Shale, blue. .. .coooocoooen 55 470
2 £ 29 34
12/17-11A1

[Gilbert Orchards, Ine.

Wiley. Altitude about 1,347 t.

Drilled by Hughett.

intermittent perforations from 103 ft to 725 ft]

Casing, 10-in to 787 ft;

Alluvium:
Soil and gravel.____.______._.
Cemented basalt gravel:
Gravel and cement..___..____
Gfavel cemented. ..
Clay and gravi
8lmvel, cemented.

Gravel, cemented, with some
waterat 110t ______________
Clay, yellow, and gravel___.._
Ellensburg formation:
Clayand sand__._.________...
Sandstone. ...

Elleaiburg formation—Con.

Gravel, ce
“Rock,” hard. .
Clay

Clay, brown, sandy--_-..--.
Clay, hght and yellow_._.._.
Clay, blu
Clay, blue, and sandstone. ...

—
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Thick- | Depth Thick- | Depth
Materials ness (feet) Materials ness (feet)
(feet) (feet)
12/17-11A1—Continued
Ellensburg formation—Con. Yakima basalt—Continued
Clay,blue._.___...__________ 18 759 “Rock,” gray (basalt) _______ 90 959
Clay, blue, and sandstone.... 26 785 Sandstone, gray. .. ._.._._.. 4 963
Clayandsand________________ 20 805 “Rock,” gray (basalt) ......__ 22 985
Clay and sandstone, water- Shale, blue, and “rock,”
bearing._ oo 12 817 black (basalt .............. 6 991
Yakima basalt: ‘“Rock,” black (basalt).._.._. 9 1, 000
Basalt, gray. ... 33 850 Shale, black (basalt).__.._..__ 13 1,013
“Rock"” (basalt) . ..._.______ 8 858 Shale, soft_ - ... ____ 6 1,019
“Rock,’” gray (basalt)___..__. 3 861 “Rock ) bla.ck (basalt) . __.___ 3 1,022
“Rock,” black (basalt).....__ 8 869 Shale and ‘“rock” (basalt)_ ... 3 1,025
12/17-11D4

[Ernest Bitz.

About 1 mile west of Wiley.

Casing, 6-in to 30 ft.

Altitude about 1,390 ft.

Perforated with 1 slot per ft for entire depth)

Drilled by J. E. White, 1953.

1) | RPN 4 4 || Cemented basalt gravel:
Gravel, cemented______....___ 22 26
Gravel'and sand.___ ... _.____ 4 30
12/17-16D3

[Tack Schreiner.

About 3 miles west-southwest of Wiley. Altitude about 1,510 ft.

Cassel, 1952. Casing, 10-in to 312 ft; unperforated]

Drilled by Ralph

Alluvium:

QGravel, basaltie, loose..._._._
Cemented basalt gravel:

Gravel basaltic, weakly ce-
Ellensburg formation

Clay, sandy..--

Clay, sticky._.__________._..__

Ellexésburg formation—Con.

32 Clay, blue_._._....________
Yakima basalt.
42 Basalt, weathered...___._.
100 Basalt, slightly vesicular

179

325

367
384

[B. S. Borton & Sons.

12/17-16R1

About 3 miles southwest of Wiley. Altitude about 1,550 ft.
& Son, 1944.  Casing, 12-in to 183 ft, 8-in from 180 ft to 699 ft, 61¢ in from 744 ft to 940 ft}

Drilled by Durand

Clay, brown (loess?) and soil.....

Cemented basalt gravel:
Gravel, clay, and boulders.
Gravel coarse, and boulders
Boulders and sand.

Sand, coarse, with
gravel _.____._____
Gravel with some cl
Gravel, coarse.. .-
Gravel'and boulders
Gravel and clay- -
Gravel, water-bearing.
Gravel'and sand, cemen
Gravel and boulders, water
bearing_.....____
Gravel, coarse

20 || Cemented basalt gravel—Con.
Clay and boulders
72 {| Ellensburg formation
93 Clay, brown.
98 Gravel, large
105 Clay, sticky.
112 Clay, yellow.
Clay, sticky,
133 Clay, white_
137 Clay, brown
153 Clay, white
181 Sandstone.-
197 Sandstone
201
215
232
300
304 || Yakima basalt:
Basalt, weathered, blue
326 Basalt, blue.________..
329 Basalt, very hard, gray__
Basalt, black, water-beari
337 Basalt, hard, black. ...__...__




BASIC DATA

91

TaBLE 5.—Materials penetraled by representative wells in the Ahtanum
Valley—Continued

{Carl Sheneberger.

About 3.5 miles west-southwest of Wiley. Altitude about 1,573 ft.

Thick- | Depth Thick- | Depth
Materials ness (feet) Materials ness | (feet)
(feet) (feet)
12/17-16R1—Continued
Yakima basalt—Continued Yakima basalt—Continued
Basalt, ‘“honeycomb” (vesic- Basalt, hard, black._.._._...__ 21 893
ular), black, water-bearing- 9 815 Basalt, hard, gray-. 8 901
Basalt, hard, black, water- Basalt, hard, black..._._.____ 15 916
bearing _____________________ 5 820 Basalt, extremely hard, gray. 19 935
Basalt, hard, black - 3 823 Basalt, hard, black._.__._____ 19 954
Basalt, red and black - 4 827 Basalt, very hard, gray.._____ 6 960
Basalt, hard, black___________ 2 829 Basalt, hard, gray. 29 989
Basalt, hard, gray and black. 7 836 Basalt, hard, gray 21 1,010
Basalt, “honeycomb”’ (vesic- Clay, blue._._.... 5 1,015
ular), red_ .. _______________ 6 842 Basalt, hard, gray 20 1,035
Basalt, ‘“honeycomb’ (vesie- Basalt, black, water-bearing. 5 1,040
ular) black___ ... 4 846 Basalt, mostly hard, black... 16 1,056
Basalt, hard, black._._.._____ 2 848 Basalt, black, water-bearing. 2 1,058
Basalt “honeyoomb" (vesic- Basalt, hard, black____..___.___ 1 1,059
cu.lat), black____ oo 3 851 Basalt, black, water-bearing. 5 1, 064
Basalt, hard, water- Basalt, fractured, black 3 1,067
bearing. - 11 862 Basalt, black._ 6 1,073
Clay, brown. 2 1,075
10 872 Clay,blue.. ... 3 1,078
12/17-17C1

Drilled by Boehler

and Huber, 1948. Casing, 8-in to 166 ft, 6-in to 243 [t; perforated below 166 ft]

Ellensburg formation— Continued

la brown and yellow,

" " SHky o L s 170
. Clay, blue. oo 23 193

Cemented basalt gravel: Yakima basalt:
Gravel, cemented..._.___..._. 14 30 Basalt.. - oo 1 104
Ellensburg formation: Basalt, black - 1 195
Clay . 92 122 Basalt, water-bearing._._.__.- 48 243

12/17-17J1

[T. R. Rutherford. About 3.5 miles southwest of Wiley. Altitude about 1,540 ft.

Casing, 6-in to bottom])

Alluvium: Alluvium—Continued
Soil.. 2 Clay . ool 5 15
Gravel. . e 8 10 Gravel and sand, water-bear-
3SR ROV PRSIV PSR
12/18-1M1

[Yakima Farm Labor Camp. About 2 miles west of Union Gap. Altitude about 1,010 ft. Drilled by

Durand & Son, 1939. Casing, 10-in to 366 ft, 8-in from 366 {t to 555 {t; no perforations]

Cemented basalt gravel:

QGravel, cemented.____________
Gravel and clay, loose and

g.
Gravel and clay___
Gravel, cemented._....._
Gravel and clay, loose, ca
Clay, brown__________________
Gravel and clay, caving-
Clay, sandy, brown. ..
Gravel, cemeénted.___
Clay, brown........
Gravel and clay. ...
Gravel and clay, loose_
Gravel and clay....._...__.__

603275 0—62——7

Re= —
NOWOLEm© v =3

n
W or

-~

Cemented basalt gravel—Con.
Boulders, large
Gravel and clay
Gravel, loose___.__._.
Gravel and clay
Clay, sandy, and gravel___.._

\El]ensburg formation:
Sand, very fine
Clay, sandy....
Clay, sandy, caving.__ ...
Clay, sandy, little gravel_
Clay, sandy, more gravel.
Clay, sandy, and gravel___.__.
Clay, sandy, and fine gravel;
CAVIDG oo
Sand, brown, and gravel;
CAVING e

Sand, brown, caving.........

5 147
28 175
5 180
24 204
11 215
12 227
10 237
13 250
10 260
264

4 268
4 272
3 275
35 310
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Valley—Continued
Thick- | Depth : Thick- | Depth
Materials ness (feet) Materials ness (feet)
(feet) (feet)
12/18-1M 1—Continued
Ellensburg formation—Con. Ellensburg formation—Con.

Sand, brown, clay, and fine 5 495

g 5 315 , 10 505
Sand and clay_... - 18 333 Clay, yellow, and sand. 15 520
Clay, sandy, caving. . - 15 348 Shale, gray--. ... 5 528
Clay, sandy._ ... - 62 410 Sand, brown 8 533
Sand 11 421 Gravel, pea___..... 2 535
Sand, caving, and fine gravel. 4 425 QGravel, river, caving_- 5 540
Clay, sandy, caving, and Sand, brown._._____ 10 550

gravel 5 430 Sand, water-bearing.....__.._ 5 555
Sand, river. - 13 443 Rock, ‘‘honeycomb’ (po-
Sand, caving_ .. _.___.__._._..__ 7 450 5 560
Sand, caving, and yellow clay. 5 455 40 600
Clay, yellow, and sand._...._ 15 470
Sand, fine, black._. - 12 482 sandstone. ... ..._.______._. 20 620
Clay, yellow_____..__._________ 8 490

12/18-2E1

[LeRoy Schreiner.

About 3 miles west of Union Gap. Altitude about 1,080 ft.

Drilled by Raiph

Cassel. Casing, 10-in to 86 ft, 8-in to 150 ft, and 6-in to 376 ft]
Alluvium Cemented basalt gravel and
Sodl. . 10 10 Ellensburg(?) formation, un-
Gravel. ..o 12 22 differentiated—Continued
Cemented basalt gravel and Sand- oo 10 150
Ellenshurg(?) formation, undif- Gravel, cemented. 25 175
ferentiated: Sand, gravel, and rocks, loose. 80 255
Gravel, cemented..._._..___. 23 45 “Quicksand” ..o 40 295
“Rock,” broken (gravel) 80 125 QGravel, cemented____________. 48 343
Sand 5 130 Gravelandsand.._..._...._. 62 405
Gravel, cemented_......._._._ 10 140
12/18-5J1

[Joel Richwine.

About 1.7 miies east of Ahtanum. Altitude about 1,170 ft.
Casing, 30-in to 18 {t)

Dug by owner, 1932.

No reeord ........................ 13 13 || Alluvium— Continued
Alluvium Sand, black.....___________._ 1 18
“Hardpan” (clay) ... 4 17 Sandstone, water-bearing_____|.._.__._|.._.._.
12/18-5J3

[Oral Brown. About 5 miies west of Umoré Gap Altitude about 1,165 ft.

asing, 8-in to 203 ft]

Drilled by Ralph Cassel, 1953.

Cemented basalt gravel:
Gravel, cemented
Clay. . cmeeceeean
Gravel, cemented
Gravel, small, and clay.-
Gravel cemented...._..

10

Cemented basalt gravel—Con.
QGravel, cemented
Gravel, small, and clay.-.
QGravel, cemented
Graveland ¢lay. ..o

Ellensburg formation:

Clay, san
Sand, water-bearing.__....._.

Bonk

-
(S T
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s penetrated by representative wells in the Ahtanum
Valley—Continued

Thick- | Depth Thick- | Depth
Materials ness (feet) Materials ness (feet)
(feet) (feet)
12/18-8A1

[Carrel Morton. About 2 miles southeast

of Ahtanum. Altitude about 1,170 ft. Drilled by Joe Riebe,

1943. Casing, 10-in to 20 ft]
Soil. oo 12 12 || Ellensburg(?) formation:
Cemented basalt gravel: Sand, water-bearing.......... 2 100
Gravel, cemented.______.__..____ 8 20
Clay and boulders._........._ 78 98
12/18-8B1

[Carrel Morton. About 1.7 miles

southeast of Ahtanum. Altitude about 1,180 ft.

Drilled by Joe Riebe,
1937. Casing, 12-in to 22 ft]

) 1 ¢ 10+ 10+ || Ellensburg formation:
Cemented basalt gravel: Sand, argillaceous, yellow_.__| 605+ 635
Gravel, cemented____..___.._.__ 20+ 30+
12/18-11E1
[S. II. Schreiner. About 3 miles west-southwest of Union Gap. Altitude about 1,170 ft. Drilled by
Ralph Cassel, 1946. Casing, 5-in to 151 ft; unperforated]
[0 1 10 10 {| Ellensburg formation—Con.
Cemented basalt gravel: CROCK” - e 15 170
Gravel, cemented, and boul- Sand and clay_ 20 190
ders_ . 100 110 Sandstone....____..o_o... 15 205
Elensburg formation: Sand and gravel__.___.________ 8 213
Sand and clay, brown_.______ 45 155
12/18-11E2
[Fred Westburg. About 3 miles west-southwest of Union Gap. Altitude about 1,186 ft. Drilled by
W. G. Ludwig, 1952. Casing, 6-in to 165 {t; unperforated]
[ 10) | N 6 6 || Cemented basalt gravel—Con.
Cemented basalt gravel: Gravel, water-bearing..._.._. 3 177
Gravel and boulders, poorly Basalt, black (boulders)_...__ 3 180
cemented. ... __.___ 60 66 || Ellensburg(?) formation
Conglomerate (cemented Sand, water-bearing..._....__ 3 183
gravel) .. ___________________ 108 174
12/19-5M1
{City of Union Gap. Altitude about 930 ft. Drilled by A. A. Durand, 1936. Casing, 12-in to 80 {t, 10-in

to 208 ft; perforated from 159 ft to 214 ft]

Alluvium: Cemented basalt gravel—Con.
Soil and gravel, loose. _.______ 15 15 Gravel, loose, and boulders._ 70 175
Cemented basalt gravel: Gravel, fine, cemented...._... 17 192
Gravel, cemented____._._.._.. 85 100 Graveland sand____.._o._-__. 23 215
Boulders...__________._______ 5 105
12/19-5M2
[City of Union Gap. Altitude about 980 ft. Drilled by A. A. Durand, 1936. Casing, 12-in to 83 ft, 10-in

to 198 ft; perforated from 142 ft to 197 ft]

Cemented basalt gravel:
Gravel, cemented
(glr:vel and boulders.._

Gravel, cemented, caving.
Glgwel, cemented, and boul-

4 4 || Cemented basalt gravel--Con.
QGravel, washed, caving._._..__ 9 159
o 36 50 Gravel, cemented......... 31 190
13 63 Gravel, cemented, caving_. 14 204
g 168 Gravel, cemented._.._.._______ 13 217
4 10

150
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TABLE 5.—Malerials penetrated by representative wells in the Ahtanum
Valley—Continued

Thick- | Depth Thick- | Depth
Materials ness (feet) Materials ness | (feet)
(feet) (feet)
12/19-5N1

[City of Union Gap. Altitude about 975 ft. Drilled by N. C. Jannsen, 1949. Casing, 12-in to 370 ft;
perforated from 130 {t to 138 ft and from 182ft to 361 ft]

Alluvium: Cemented basalt gravel—Con.
Barth_ . 6 6 Rock and gravel 9 k(]
Gravel ... 15 21 Gravel, hard.._._____ 6 82
Cemented basalt gravel: Rock and gravel._____ 105 187
Rock and gravel__-_._________ 6 27 Rock, hard, and sand. 20 207
“Hardpan” and gravel_______ 28 55 Gravel and sand__..._ 154 361
Rockand gravel __.__________ 9 64 Clay. e 9 370
Gravel,hard..____..____..___ 3 67
12/19-17C}
{Miocene Petroleum Co. About 1 mile south of the City of Union Gap. Altitude about 950 ft. Drilled by
N. C.Jannsen, 1929. Casing, 12.5-in to 711 {t, 10-in to 1,045 ft; no perforations]
Alluvium: Yakima basalt:
Sand and gravel . _._.__.______ 21 21 Basalt oo 3,779 3, 800
13/18-28L1

[Congdon Orchard. About 3 miles northeast of Ahtanum. Altitude about 1,160 ft. Drilled by N. C.
Jannsen, 1912. Casing, 10.5-in to 284 ft, 8.25-in to 769 ft, 6.5-in to 1,026 ft, 5.25-in to 1,227 ft]

Alluviom: Ellensburg formation—Con.
Soil and gravel....___________ 9 9 Granite (sandstone?)_...____. 12 694
Sand and clay ... _.__ 2 11 Sandstone 29 723
Boulders and mud.._.._______ 22 33 Clay.._..._. 38 761
Cemented basalt gravel: Roek and clay 2 763
Rock, cemented, hard._______ 25 58 ‘‘Basalt,” “(sandstone?) hard,
Clay and boulders_..__.___.__ 26 84 bouldeér on one side_-______- 9 772
Gravel, cemented_____________ 53 137 Sandstone, brown____.___ 10 782
Clay and gravel_ 43 180 Sandstone and clay..-. 5 787
2 182 Sandstone, brown, sof 6 793
28 210 Clay, sticky, stiff_._____ 7 800
2 212 Boulder, basaltic(?), har 5 805
35 247 Clay, stiff_ . ___ 10 815
65 312 Gravel, cemented. 2 817
12 324 Clay, stiff....____._ 10 827
11 335 Gravel, cemented. 9 836
Ellensburg formation: Sandstone, Drown - voocccman 5 841
Shale, red 15 350 Sandstone, dark, hard._______ 14 855
Clay, brown._ 10 360 Sandstone, blue, first flow
Shale, yellow_ 20 380 (small) at 837 ft, increased
Clay, yellow_ 16 396 t0993 £t . 93 948
Clay,blue.... ... 13 409 Sandstone, dark blue, coarse_. 46 994
Gravel and boulders, ce- Sandstone, hard, coarse, and
mented and sandstone__.___ 82 491 blue shale in alternating
Rockandelay. .. _._..._______ 11 502 layers. - oo 8 1,002
Gravel, cemented..__._______. 24 526 Shale, blue, hard. .. - 13 1,015
Rock, cemented ..... 12 538 Sandstone, blue, hard_.__.____ 11 1,026
Clay, [15107: 4, 29 567 Sandstone, dark.... R 69 1,095
Gravel, cemented...__...__.__ 15 582 Shale, blue_ .. ___ ... 5 1,100
Clay, sandy_..___.........._. 4 586 Shale and sandstone, blue._._ 43 1,143
Rock, cemented._.__.________ 4 590 Shale and sandstone_...._____ 50 1,193
Clay, sandy, soft_._..___.___ 10 600 Sandstone with some clay,
(Sandstone?), har - 1 601 second flow (112 gpm) at
Sandstone..._____.________ 54 655 27 1,220
Sandstone and gra soft.... 21 676 1 layer of
Mud, with boulders on one white sand, and 1 layer of
s1de of hole - oo 6 682 bluesand.. ... ... 32 1,252




BASIC DATA 95

TABLE 5.—Materials penetraied by representative wells in the Ahtanum
Valley—Continued

Thick- | Depth Thick- | Depth
Materials ness (feet) Materials ness | (feet)
(feet) (feet)
13/18-33L2
[G. E. Stewart. About 2 miles east-northeast of Ahtanum. Altitude about 1,170 ft. Dug, 1945. Casing,
36-in to 20 ft]
Alluvium: Alluvium—Con.
it . 4 QGravel, cemented (weakly?).. 11 20
Gravel ... . 5 9

13/18-33L3

About 2.5 miles northeast of Ahtanum. Altitude about 1,170 ft.

[G. E. Stewart.
Riebe, 1948. Casing, 10-in to 49.5 ft, perforated with torch from 101t to 49.5

Dr]ﬂled by Fred

Sofl L. 4 4 Ellensburg(?) formation:

Cemented basalt gravel: Clay, san 30 99
QGravel, cemented. ..._....___. 20 24 Clay, yellow.___ - 20 119
"Hardpan” (clay?)_. 30 54 Gravel and sand f 18 137
Gravel, cemented ____________ 15 69

13/18~-33M1
[Rainier State School. About 1 mile east-northeast of Ahtanum. Altitude about 1,180 ft. Drilled by
Hughett. Casing, 8-in to 600 ft; perforated from 500 ft to 600 ft)

Alluvium Ellensburg formation—Con.

Soil_ e 23 23 Sand. 47 245
Clay. oo 3 26 132 377

Cemented basalt gravel: 14 391
Gravel, cemented_____________ 19 45 61 452

Ellensburg formation: 48 500
Cl: 90 135 47 547

19 154 63 610
v 24 178 Sand and gravel_______.._..._ 3 613
Sand and gravel_.___.________ 20 198
13/18-34M1
[E. A. Pearson. About 2.5 miles east-northeast of Ahtanum. Altitude about 1,130 ft. Dug, 1948. Casing,

30-in to 18 ft]

Alluvium: Alluvinm—Continued
Silt, fine ... 5 Sand and gravel._____....____ 10 18
QGravel, water-bearing...__..._ 2 7 “Hardpan” (€lay?) - -—oo oo fcmom i e
Sandstone, hard..____________ 1 8
13/19-31J1
[Yakima Farmers Supply Co. About 1 mile northwest of Union Gap, Altitude about 1,015 ft. Drilled
by J. E. White, 1951. Casing, 6-in to 84 ft; perforated from 75 ft. to 84 ft]
Alluvi Cemented basalt gravel(?) and
Dirt and boulders_..._.._._.. 17 17 Ellensburg formation, undiffer-
Cemented basalt gravel(?) and entiated—Continued
Ellensburg formation, undiffer- Sand, medium, water-bearing_ 15 46
entiated: “Hardpan” (clay).._---...___ 19 65
‘“Hardpan” (clay) 2 19 Sand, fine, getting coarser_.__ 17 82
Gravel . _._.___.____.__.__ 6 25 Gravel, getting finer, and
“Hardpan” (clay) 6 31 sand. e 2
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TABLE 5.—Materials penetrated by representative wells in the Ahtanum

Valley—Continued
Thick- | Depth Thick- | Depth
Materials ness (feet) Materials ness (feet)
(feet) (feet)
13/19-32M1
[Yakima Cooperative Assocwnon About 1 mile north of Union Gap. Altitude about 1,010 ft. Drilled
by J. E. White, 1951, Casing 6-in to 38 ft; unperforated]
Alluyvium: Cemented basalt gravel(?) and
Dirt and boulders. .__________ 17 17 Ellensburg formation, undiffer-
Cemented basalt gravel(?) and entiated—Continued
Ellensburg formation, undiffer- “Hardpan”’ (clay)________.___ 31
entiated: Sand and shale, water-bear-
“Hardpan” (clay)_ . _..._._._._ 2 19 Mg e 40
Gravel ... 6 25
13/19-32M5

[Honeymoon Auto Court. About 1 mile north of Union Gap. Altituae about 1,000 ft. Drilled by Shook-
man, 1942. Casing, 4-in to 15 {t]

15113 | 25 25 || Cemented basalt gravel(?)—Con.

Cemented basalt gravel(?): “Hardpan” (clay) . _.._.____ 1 32
“Hardpan’’ (clay).. 2 27 Gravel, river. . ... 13 45
Gravel ___________________.__ 4 31

TABLE 6.—Chemical analyses, in parts per million, of ground water in the Ahtanum
Valley

[Analyses by U.S. Geologcical Survey]

R | 12/16- | 12/16- | 12/17- | 12/18- | 12/18- | 12/18- | 13/19-
13D1 1771 16R1 5G2 5J1 11E1 3151
Date of collection ... .._._____________ 8/30/51 | 8/30/51 | 4/18/52 | &29/51 | 8/29/51 | 8/30/51 | &/29/51
Principal aquifer_____________________ Yakima | Uncon- | Yakima | Uncon- | Uncon- | Ellens- Ce-
basalt [solidated| basalt |solidated|solidated|burg for-} mented
alluvium alluvium|alluvium| mation | gravel
Silica (Si0g) - - .. __.______.__ 54 47 38 52 51 61 39
Iron (Fe)'_ ________________ .02 .11 .24 . 03] .02 .03 .02
Total iron (Fe). ___________ 06| ___ -7 U, SEUSUN RSO
Manganese (Mn) ___________ .00 .00 .00 .28 .00 .00 .00
Caleium (Ca)._____________ 16 10 12 23 24 30 34
Magnesmm (Mg) - ___ 9.7 58| 6.6 12 14 16 11
Sodium (Na) __________.____ 10 5.6 7.2 119 16 9.6 | 12
Potassium (K)_ ____________ 1.8 37| 3.1 53| 56| 32| 48
Bicarbonate (HCOj3) . _______ 116 74 85 160 180 133 116
Sulfate (SO ___.__________ 4.4 2.4 4.4 8.0 51 29 21
Chiloride (CI) .- - __________ 3.0 L7 L2 11 2.5 18 26
Fluoride (F) _______________ .2 .2 .3 .2 .3 .3 .3
Nitrate (NQg) ______________ 1.6 10 .2 1.5 1.8 2.7{ 6.0
Dissolved solids. ___________ 158 113 115 211 209 235 211
Hardness as CaCO,._.______ 80 49 57 107 117 141 130
Noncarbonate hardness_ _ ___ 0 0 0 0 0 32 35
Percent sodium_ ___________ 21 19 20 27 22 13 16
Specific conductance (mi-
cromhos at 25° C)________ 194 98 136 285 284 315 320
2] & 7. 7.3 7.9 7.2 7.2 7.3 7.3

1In solution when wnalyzed.



BASIC DATA 97
TABLE 7.—Field analyses, in parts pe;f 7rﬁ'llioln, of water from wells in the Ahtanum
alley

Depth Hard-

Well (feet) Principal aquifer Chloride| ness (as
CaCOy)
12/15-13R1___| 329 Basalt_ _ ________ L ____ 8 95
12/16-8N1____| 30 Cemented gravel(?) ____________________ 4 105
OMI1.____|______|.____ A0 e 8 180
156M1___| 43 Basalt_______________________________ 8 54
17D1___| 20—| Gravel. - . 10 85
17K1___| 12 |_____ do- - .. 6 55
18K1_._| 343 Basalt . ___ .. __ . __ 8 95
12/17-1L1____| 33 Gravelandsand___..__.________________ 24 265
1PL___| 79 | Alluvium(?) ________ . ______ 12 95
2N1_ | __-. Ellensburg(?) formation________________ 6 85
2Q1___.| 75 Gravel . _ ... 10 135
2R2____ 9 |_.__. doo o 8 74
5B1____| 170 Sand__._______________ . 8 135
6J1__.__ 140 |____. dO- . 20 170
8J1_..__ 14 Alluvium_____________________________ 6 60
8K1____{100 | Sand_ - ____ ... 8 75
OE1__ | 80 |oceo 6 80
10J1____| 100 Cemented gravel . _____________________ 6 135
10N3___| 11 Gravel . ______________________________ 8 90
10R1___| 18 Alluvium_ - ______ 6 115
11M1._.| 10 |-____ A0 . 6 110
12E1__.| 26 |__.__ o o T 5 100
12K1___| 12 |.____ A0 o ___ 6 125
13H1___| 31 Cemented gravel(?) ____________________ 14 195
15N1___| 140 Cemented gravel . _____________________ 20 120
16Q1___| 11 Alluvium_ o _____ 8 135
17C1___| 243 Basalt_ _ _ ___ ________________________ 8 60
12/18-1M1___._| 620 | Sand______________ . ____ . _._.__ 10 82
5G1___ |\ ___-) Alluvium_____________________________ 10 112
6F4____| 11 Gravel . _________ . ___.__ 8 130
6G2____| 15 |_.._. do. - o __ 10 120
TRK1____| 15 |-____ do o 6 110
8B1___.| 635 Sand_____________________________.___ 10 202
9L1___._| 49 Gravel andsand_______________________ 20 266
12E1___| 72 | Sand______________ o _____ 26 240
18D1.__| 28 Cemented gravel(?)__ . _________________ 18 255
12/19-6E1____| 50 and_ _ . 16 235
13/18-33L1.__| 22 Gravel . __________ . ______ 14 148
13/19-32M2___| 125 |- e 103

1 Analyses approximate only; not made under laboratory control.
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